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MIDLAND    INSTITUTE   OF  MINING,  CIVIL,   AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  November  3rd,  1894. 


Mr.  J.  NEVIN,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  signed. 


The    following    gentlemen   were  elected,    having    been    previously 
nominated  : — 

Members — 
Mr.  Leonard  Hammond  Hodgson,  Colliery  Under-manager,  Garforth,  near 

Leeds. 
Mr.  Harry  Johnson,  Mining  Student,  3,  Richard  Street,  Wakefield. 
Mr.  Chas.  Percy  Morton,  Mining  Student,  Wales  Hall,  near  Sheffield. 
Mr.  Thos.  Thompson,  Colliery  Manager,  Featherstone,  near  Pontefract. 
Mr.  Walter  J.  Wood,  Mining  Engineer,  c/o  Bengal  Coal  Company,  Khuldeah, 

Giridih,  E.I.  Railway,  Bengal. 


The  President  then  delivered  his  Inaugural  Address  as  follows  : — 


PRESIDENTIAL   ADDRESS. 


PRESIDENTIAL  ADDRESS. 


By  JOHN  NEVIN. 

To  write  a  presidential  address  for  an  Institute  of  this  kind  seems  to 
become  more  difficult  from  year  to  year,  as  we  now  have  in  the  Transactions 
of  The  Federated  Institution  of  Mining  Engineers  six  or  seven  presidential 
addresses  each  year,  and  consequently  every  subject  of  interest  appears  to 
have  been  touched  upon. 

It  may,  however,  be  interesting  to  look  back  in  our  own  district  for 
twenty-five  or  more  years,  when  I  first  began  my  apprenticeship  to 
mining  engineering,  and  make  some  comparison  with  the  present  time. 

In  December,  1866 — twenty-eight  years  ago  next  month — occurred 
the  great  disaster  at  the  Oaks  colliery,  and  one  of  my  earliest  recollections 
is  of  a  visit  there  in  January,  1868,  when  the  shafts  were  being  reopened. 

At  that  time  the  Old  Oaks  colliery,  with  1\  feet  shafts  1,000  feet 
deep,  was  considered  one  of  the  largest  and  deepest  in  Yorkshire,  and  with 
the  exception  of  Shireoaks  colliery,  sunk  in  1859,  and  Altofts  and  Denaby 
Main  collieries,  recently  sunk,  there  was,  I  believe,  no  pit  in  Yorkshire 
over  1,200  feet  deep.  Five  hundred  tons  a  day  was  looked  upon  as  a 
fair  output  for  one  shaft,  and  700  tons  was  something  unusual. 

Furnace-ventilation  was  almost  universal ;  haulage  was  almost  entirely 
done  by  horses,  except  in  a  few  cases,  as  at  the  Oaks  colliery,  where  there 
were  single-rope  engine-planes  to  the  dip,  and  except  in  a  few  scattered 
instances,  where  compressed  air  was  used,  no  attempt  was  made  to  convey 
power  underground. 

In  1868,  in  the  Yorkshire  district  — 

The  mineral  output  was  9,705,000  tons. 

Mines  in  operation  ...         ...         ...  459 

Persons  employed  ...         ...  37,000 

Showing  262  tons  per  person  employed,  and  21,144  tons  per  mine. 
Lives  lost ...         ...         ...         80 

Being  1  per  462  persons  employed,  and  1  per  121,312  tons  raised. 

The  figures  for  the  United  Kingdom  being — 

Minerals  raised     104,566,959  tons. 

Mines  in  operation         ...         ...         ...         ...         ...  3,262 

Persons  employed  ...         ...         ...         ...         ...  346,820 

Showing  301  tons  per  person  employed,  and  32,056  tons  per  mine. 
Lives  lost 1,011 

Being  1  per  343  persons  employed,  and  1  for  each  103,429  tons  raised. 


PRESIDENTIAL   ADDRESS.  3 

The  Monk  Bretton  colliery  commenced  in  1871  with  two  12  feet 
downcast  shafts  and  one  16  feet  upcast  shaft,  and  the  length  of  tubbing 
was  considered  a  model  at  that  time. 

Let  us  look  at  some  of  the  work  which  has  been  done  since. 

From  1865  to  1874,  a  great  impetus  was  given  to  mining  in  York- 
shire. New  collieries  were  sunk  along  all  the  lines  of  railway.  On  the 
North  Eastern  Railway  east  of  Castleford,  in  what  was  then  entirely  an 
agricultural  district,  collieries  were  sunk  at  Wheldale  and  Frystone  which 
are  now  down  to  the  silkstone  seam.  On  the  Goole  branch  of  the  Lanca- 
shire and  Yorkshire  Railway,  collieries  were  opened  at  every  available 
point  from  Sharlston  to  Pontefract,  many  of  which  are  now  down  to  the 
silkstone  seam  from  1,800  to  2,100  feet  deep. 

Farther  south,  on  the  Midland  Railway,  new  collieries  were  opened  out 
to  the  Barnsley  bed  at  Monckton,  Houghton,  Wath,  and  other  places  to 
the  dip  of  the  older  pits,  varying  from  1,200  to  1,500  feet  deep. 

To  the  west  of  Barnsley,  new  pits  were  sunk  through  the  old  workings 
of  the  Barnsley  bed  to  the  silkstone  and  other  seams  at  Hoyland,  Barrow, 
and  Rockingham. 

A  few  years  later,  we  had  the  lower  seams  opened  out  at  Aldwarke,  and 
the  deep  sinking  to  the  Barnsley  bed  on  the  Great  Northern  Railway  at 
South  Kirby,  and  the  last  year  or  two  has  seen  the  opening  out  of  the 
collieries  at  Cadeby  over  2,100  feet  deep,  and  of  Rotherham  Main  and 
Hickleton. 

The  figures  for  1893  are  practically  useless,  owing  to  the  four  months' 
strike  ;  but  taking  the  year  1892  for  the  Yorkshire  inspection  district — 

The  minerals  raised  under  the  Mines  Regulation  Act 

were 23,709,072  tons. 

Mines  in  operation  ...         ...  416 

Persons  employed  ...         ...         ...         ...         ...  86,706 

Showing  273 1  tons  for  each  person  employed,  and  56,993  tons  per  mine. 

Lives  lost 83 

Being  1  per  1,044  persons  employed,  and  1  per  285,651  tons  raised. 

Some  ironstone  and  other  mines  in  Lincolnshire,  etc.,  are  included  in 
this  return  which  were  excluded  in  the  1868  return. 
The  figures  for  the  United  Kingdom  being- 
Minerals  raised    191,954,908  tons. 

Mines  in  operation  ...         ...  3,403 

Persons  employed  ...         ...         ...         ...         ...  664,300 

Showing  298  tons  for  each  person  employed,  and  56,407  tons  per  mine. 

Lives  lost 982 

Being  1  per  676  persons  employed,  and  1  per  283,927  tons  raised. 


Tons. 

Tons. 

Per  Cent. 

9,705,000  to 

23,709,072 

or  144-29 

459  to 

416 

or     10-33 

37,000  to 

86,706 

or  134-34 

Tons. 

Tons. 

Per  Cent 

,566,959 

to  191,954,908 

or 

83-57 

3,262 

to 

3,403 

or 

4-32 

346,820 

to 

664,300 

or 

91-54 
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Yorkshire  has,  therefore,  improved  its  position  during  the  twenty-five 
years  as  follows — 

The  output  has  risen  from 

The  collieries  working  have  decreased  from 
The  persons  employed  have  increased  from 
The  tons  wrought  per  person  employed  have 

increased  from        262  to  273£  or      4 -39 

The  tons  wrought  per  mine  have  increased 

from 21,144  to  56,993     or  169-54 

The  lives  lost  have  increased  from...         ...  80  to  83     or      3-75 

The  lives  lost  have  improved  from  1  in  462  to  1  in  1,044  per  person 
employed,  and  from  1  for  121,312  tons  to  1  per  285,651  tons. 

The  corresponding  figures  for  the  United  Kingdom  being — 

The  output  has  risen  from  ... 
The  collieries  working  have  increased  from 
The  persons  employed  have  increased  from 
The  tons  wrought  per  person  employed  have 

decreased  from        301  to  289     or       4-15 

The  tons  wrought  per  mine  have  increased 

from 32,056  to  56,407     or     75-96 

The  lives  lost  have  decreased  from  ...  1,011  to  982     or      2-95 

The  lives  lost  have  improved  from  1  in  343  to  1  in  676  per  person 

employed,  and  from  1  per  103,429  tons  to  1  per  283,927  tons. 

Yorkshire  has,  therefore,  improved  its  position  much  more  than  the 
United  Kingdom  at  large. 

These  new  openings  have  been  accompanied  by  great  improvements  in 
other  ways. 

Ventilation  by  furnace  is  now  almost  entirely  superseded  by  centri- 
fugal fans,  of  which  the  old  favourite  forms  of  large  diameter,  as  the 
Guibal  or  Waddle,  seem  now  to  be  giving  way  to  the  smaller  and  more 
compact  fans  of  quick-running  type,  as  the  Schiele  or  Capell. 

The  lighting  of  the  mines  has  received  great  attention.  The  open 
lights  used  in  most  of  the  less  fiery  collieries  twenty-five  years  ago  gave 
place  first  to  the  Davy  or  Stephenson,  and  lately  to  the  safer  forms  of 
the  Mueseler  and  Marsaut  safety-lamps.  For  the  latter  change  we  are  to  a 
great  extent  indebted  to  the  careful  and  painstaking  experiments  carried 
out  at  Aldwarke  colliery  by  Mr.  C.  E.  Rhodes,  one  of  the  past-presidents 
of  this  Institute. 

Haulage  is  now,  on  the  main  roads  at  least,  almost  entirely  mechanical, 
the  method  most  in  favour,  where  the  roads  are  sufficiently  straight,  being 
by  endless-rope,  with  the  engines  on  the  surface,  and  a  driving-rope  taken 
down  the  shaft,  thus  getting  rid  of  underground  boiler-fires  or  steam 
pipes  in  the  shafts. 
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As  to  hewing  or  getting  of  the  coal,  although  many  machines  have 
been  tried,  less  headway  seems  to  have  been  made  in  this  than  in  any 
other  department  ;  but  in  a  few  cases  machines  are  being  worked 
satisfactorily.  The  great  difficulty  seems  to  be  in  the  transmission  of 
the  power  to  the  face  of  the  workings.  Driving  the  machines  by  elec- 
tricity can  hardly  yet  be  considered  safe,  and  there  are  many  difficulties 
in  the  way  of  transmitting  the  power  by  ropes,  the  power  generally 
used  up  to  the  present  time  being  compressed  air,  entailing  heavy  expense 
in  plant  at  the  surface  and  in  pipes  in  the  mine. 

Boilers  and  engines  have  been  much  improved.  Double-flued  Lanca- 
shire boilers,  often  of  steel,  working  sometimes  at  pressures  of  100  lbs. 
per  square  inch,  have  generally  taken  the  place  of  the  old  egg- ended 
boilers,  working  at  pressures  varying  from  20  to  40  lbs.  per  square  inch, 
and  mechanical  firing  is  being  adopted  in  many  cases. 

For  winding-engines,  the  favourite  form  is  the  double-cylindered 
horizontal,  directly  connected  to  the  drum-shaft,  the  drum  being  in  some 
cases  spiral,  and  round  steel  ropes  are  almost  invariably  used. 

Sinking  has  also  been  much  improved,  shafts  are  sunk  up  to  18  and 
20  feet  in  diameter,  which  size,  with  the  greatly  increased  depth,  has 
caused  much  stronger  engines  to  be  necessary  for  removing  the  rubbish 
sufficiently  quickly  ;  walling-scaffolds  and  the  arrangements  for  banking 
have  been  improved,  and  the  kibble  in  the  deeper  pits  is  generally  run  on 
guides.  I  believe  that  Pontefract  colliery,  sunk  in  1873,  was  one  of  the 
first  pits  in  Yorkshire  where  guides  were  used  during  sinking. 

Blasting,  which  cannot  be  avoided  in  most  pits,  has  had  much  attention 
given  to  it.  Compressed  lime-cartridges  for  coal-work  were  tried  for  some 
time  but  did  not  prove  very  successful.  At  present  for  stone-work,  gun- 
powder is  rapidly  giving  way  to  the  new  forms  of  more  or  less  flameless 
explosives,  such  as  ammonite,  roburite,  etc.,  each  of  which  has  its 
supporters  and  is  claimed  to  be  the  best. 

Electric  lighting  has  also  been  largely  introduced  of  late  years. 

Banking  and  screening  arrangements  have  received  great  attention, 
the  pit-hills  are  now  raised  higher,  and  the  old  fixed  bar-screens  are  giving 
way  to  moving-screens  with  picking-belts  on  which  to  clean  the  coal. 

For  coking,  the  beehive  oven  still  holds  its  own  with  various  improve- 
ments, and  we  have  in  Yorkshire  at  least  one  very  good  example  of  the 
saving  of  the  bye-products. 

Unfortunately,  in  spite  of  all  the  care  which  is  taken  we  cannot 
entirely  get  rid  of  explosions,  as  witness  that  at  Thornhill  in  July,  1893. 


6  PRESIDENTIAL   ADDRESS. 

Probably  in  no  part  of  England  has  more  good  work  been  done  during 
this  quarter  of  a  century  than  in  Yorkshire,  and,  so  far  as  one  can  see, 
the  next  twenty-five  years  will  show  an  equal  advance.  The  coal-field  has 
many  advantages,  its  chief  disadvantages,  as  compared  with  the  collieries 
farther  north,  being  the  distance  of  most  of  the  pits  from  a  shipping  port, 
and  the  custom  of  only  working  a  single  shift,  which  causes  the  enormous 
capital  of  many  of  the  larger  pits  to  be  practically  productive  for  not  more 
than  forty-eight  hours  a  week,  while  the  expenses  are  running  for  168 
hours. 

In  Yorkshire  we  have  not  often  the  opportunity,  as  in  Northumber- 
land and  Durham,  of  working  several  seams  of  nearly  the  same  quality 
lying  near  together,  thus  at  Ashington  colliery  five  seams  are  all  being 
more  or  less  worked  at  the  present  time,  the  deepest  of  which  is  no  more 
than  500  feet  from  the  surface. 

Such  being  the  advance  made  in  this  district  in  the  past,  what  has 
the  mining  engineer  to  look  forward  to  ? 

He  will  have  to  contend  with  increasing  difficulties  which  will  meet 
him  in  working  the  thicker  seams  at  great  depths  and  the  thinner  and 
inferior  ones  at  moderate  depths  (which  have  been  left  as  unprofitable  by 
his  predecessors),  and  he  will  have  to  meet  the  growing  demands  of  the 
workmen  for  higher  wages  and  shorter  hours,  and  last,  but  not  least,  a 
steadily  increasing  foreign  competition. 

Foreign  competition,  although  scoffed  at  by  some  people,  is  no  myth. 
Probably  in  Europe  no  country  except  Germany  can  do  us  much  harm ; 
but  farther  afield  we  have  large  coal-fields  in  Australia,  the  extent  of 
which  has  by  recent  explorations  been  proved  to  be  much  greater  than 
was  hitherto  suspected.  In  Japan,  are  extensive  mines,  and  the  large 
coal-fields  of  Borneo  and  China  are  almost  untouched. 

Already  these  fields  supply  most  of  the  merchant  steamers  in  the  East 
Indian  trade. 

But  probably  our  great  competitors  eventually  will  be  the  North 
American  colonies  and  the  United  States.  In  the  latter  country,  as  I 
have  seen  myself,  besides  the  almost  unique  deposits  of  anthracite  in 
Pennsylvania,  there  are  in  Alabama,  Ohio,  and  other  central  and  western 
states,  square  mile  after  square  mile  of  Coal-measures,  containing  often 
ten  or  twelve  seams  of  good  bituminous  coal,  from  3  to  8  feet  thick,  lying 
nearly  level,  with  few  faults,  and  free  from  water,  being  above  the  bottom 
of  the  valleys  by  which  the  country  is  intersected. 

These  coals  can  be  worked  to  a  profit,  and  the  round  coal  put  into 
railway-waggons  for  less  than  4s.  per  ton,  the  small  coal  being  left  in  the 
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mine,  and  only  the  great  distance  from  the  Atlantic  coast  prevents  them 
from  being  put  on  to  our  markets  in  England.  They  are,  however, 
delivered  at  the  Atlantic  ports  at  a  price  nearly  if  not  quite  as  low  as 
English  or  Welsh  steam  coal  at  Liverpool,  and  are  being  largely  and 
increasingly  used  by  the  Atlantic  steamers. 

In  deep  mining,  the  chief  difficulties  seem  to  be,  firstly,  the  great 
pressure  of  the  superincumbent  rocks,  amounting  roughly  to  1  pound  per 
square  inch  per  foot  of  depth,  which  makes  the  roads  and  openings 
difficult  to  keep  open,  and  which  has  a  tendency  to  crush  the  coal  and 
cause  it  to  make  much  small  in  the  working  ;  and,  secondly,  the  increased 
temperature. 

The  first  difficulty  can  be  best  met  by  working  on  the  longwall 
system  and  pushing  the  working-faces  forward  as  quickly  as  possible,  the 
second,  by  ample  ventilation  ;  and  it  will  probably  be  found  useful  in  some 
cases,  if  one  or  more  districts  have  longer  airways  than  the  rest,  to  put  a 
supplementary  fan  underground  to  assist  the  main  one  at  the  surface. 

The  surface-plant  and  workings  must  be  arranged  so  that  very  large 
outputs  can  be  dealt  with  at  the  least  possible  cost,  so  as  to  pay  interest 
and  return  the  large  amount  of  capital  expended  ;  and  the  plant  should  be 
so  designed  as  to  be  able  to  work  other  seams  when  those  for  which  it  was 
originally  intended  are  exhausted. 

As  the  working-places  get  farther  and  farther  from  the  shafts  means 
will  have  to  be  taken  to  convey  the  men  quickly  to  and  from  their  places 
without  fatigue.  Walking  long  distances  underground,  like  climbing 
ladders  in  metalliferous  mines,  is  a  waste  of  labour  which  will  sooner  or 
later  be  abolished,  and  machinery  will  have  to  be  used,  wherever  possible, 
in  place  of  human  muscles. 

In  working  the  thinner  coal-seams,  even  at  less  depths,  not  less  skill 
will  be  needed.  The  problems  of  great  pressure,  large  amounts  of  gas, 
and  high  temperature  will  not  be  so  pressing,  but  the  necessity  for 
putting  down  plant  to  raise  large  outputs  and  to  work  large  areas  with 
the  greatest  possible  economy,  will  be  still  more  urgent.  If  our 
comparatively  new  friend,  the  electrician,  will  give  us  motors  and 
conductors  absolutely  free  from  sparking  under  all  circumstances,  so  that 
power  can  be  safely  and  cheaply  conveyed  into  every  corner  of  a  mine,  a 
great  part  of  the  problem  will  be  solved.  Given  such  a  means  of  trans- 
mitting power,  coal-cutting  machines  will  soon  be  used,  especially  in  such 
seams  as  the  thin  cannel  coal-seam  in  West  Yorkshire,  where  the  output 
per  collier  does  not  in  some  cases  exceed  1  ton  per  day— a  very  poor 
result  for  a  large  expenditure  of  human  labour. 
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The  haulage  in  a  thin  seam  should,  with  very  few.  exceptions,  be 
entirely  mechanical,  so  as  to  save  as  much  as  possible  the  cost  of  making 
horse-roads,  and  the  workings  should  be  centralized  as  much  as  possible, 
so  as  to  keep  at  a  minimum  the  roads  open  in  proportion  to  the  output, 
which  is  of  necessity  much  less  per  acre  of  workings  than  in  a  thick  seam. 
Care  should,  however,  be  taken  where  possible  to  have  at  least  two  main 
roads  coming  to  the  shaft-bottom,  so  that  the  whole  output  of  the  pit  is 
not  stopped  should  any  accident  occur  in  one  of  them. 

Every  care  will  have  to  be  taken  also  to  clean  the  coal  both  under- 
ground and  above,  and  to  utilize  every  scrap  of  it  by  coking,  making 
briquettes,  etc. 

Fortunately,  with  increasing  difficulties,  we  have  now  greater  facilities 
for  meeting  them. 

The  facilities  for  the  education  of  a  young  man  wishing  to  become  a 
mining  engineer  have  been  very  much  improved  during  the  last  twenty- 
five  years.  Nothing  will  do  away  with  the  necessity  for  underground 
experience,  and  the  absolute  need  for  a  young  man  to  see  and  become 
practically  acquainted  with  every  detail  of  the  work  which  will  have  to  be 
carried  on  under  him,  from  the  makiDg  of  the  leases  and  the  plans,  the 
laying  out  of  surface-plant  and  underground  workings,  to  a  knowledge  of 
the  amount  of  work  which  can  be  done  by  the  smallest  hurrier-lad,  and 
the  proper  use  of  even  a  brattice-nail. 

This,  and  also  that  most  important  part  of  a  mining  engineer's 
education,  the  management  of  the  workmen  under  him,  without  which  no 
man  can  be  successful,  can  only  be  learned  by  daily  routine  at  a  well 
managed  colliery. 

There  are  now,  however,  facilities  for  learning  the  theoretical  part  of 
the  profession  which  twenty-five  years  ago  did  not  exist.  I  allude  to  the 
technical  colleges,  of  which  the  Yorkshire  College  at  Leeds  and  the 
Firth  College  at  Sheffield  are  such  good  examples,  to  the  various 
technical  schools  which  are  now  to  be  found  in  every  large  town,  and  to 
the  lectures  promoted  by  the  county  councils  in  almost  every  village. 

Another  great  step  in  advance  has  been  made  by  the  Federation  of 
the  various  Mining  Institutes,  by  which  a  member  of  one  of  the 
Federated  Institutes  has  access  to  the  Transactions  of  the  whole  of  them, 
and  thus  acquires  a  knowledge  of  all  the  newest  and  best  work  done  in 
his  profession  throughout  the  country. 

"With  all  these  increased  facilities,  I  think  we  may  rest  assured  that 
Yorkshire  will  be  able  to  keep  up  and  even  improve  the  place  which  she 
now  holds  among  the  coal-producing  districts  of  this  country  and  of  the 
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world ;  and  I  hope  she  may  become  even  in  a  greater  degree  than  she  is 
now,  as  Durham  and  Northumberland  have  been  and  still  are,  a  nursery 
for  mining  engineers  and  colliery  managers  for  the  whole  world. 

In  the  earlier  days  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  after  some  of  the  more  serious  accidents,  such  as 
those  at  Burradon  and  Hetton  in  1860,  and  New  Hartley  in  1862,  papers 
were  read  describing  the  accidents  and  the  means  taken  to  reopen  the  pits, 
etc.  Such  papers  and  the  discussions  on  them  are  of  great  value,  and  I 
wish  that  we  could  have  this  plan  carried  out ;  and  although  there  are 
difficulties  in  the  way  now  which  did  not  exist  then,  I  think  it  should 
still  be  possible. 

I  should  at  any  rate  very  much  like  to  see  a  suggestion  carried  out 
which  was  made  last  year  by  our  late  President,  Mr.  W.  E.  Garforth, 
that  is,  that  a  small  committee  should  be  formed  to  draw  up  suggestions 
as  to  what  is  best  to  be  done  in  such  cases.  I  think  that  something  of 
this  kind  would  be  very  useful,  as  it  often  happens  that  it  is  some  time 
before  any  one  who  has  had  experience  of  such  matters  can  be  obtained, 
and  there  are  always  plenty  of  willing  workers  if  any  one  can  be  found  to 
direct  them  to  the  best  advantage. 


Mr.  Hargreaves  (Rothwell  Haigh)  hoped  that  the  President's 
suggestions  would  be  acted  upon,  as  it  might  be  the  means  of  saving 
valuable  lives.  He  moved  that  the  best  thanks  of  the  members  be  given 
to  the  President  for  his  address. 

Mr.  Nash  (Barnsley)  seconded  the  motion,  which  was  carried  unani- 
mously, and  briefly  acknowledged. 


The  Secretary  read  the  following  notes  by  Mr.  E.  W.  Thirkell  on 
"  A  Detaching-hook  used  at  the  Sinking  Pit  at  the  Old  Oaks  Colliery"  : — 
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A  DETACHING-HOOK  USED  AT  THE  SINKING  PIT  AT  THE 
OLD  OAKS  COLLIERY. 


By  E.  W.  THIRKELL. 


is 


The   two   capstan-ropes   A  B,   on   which    the    bricking-scaffold 
suspended,  are  used  also  as  conductors,  a  monkey  or  stay  of  wrought 
iron  G,  being  used  to  keep  the  trunk  steady  (Fig.  1.) 


Fig.  1. 

In  order  to  use  both  [monkey  and  detaching-hook,  a  cone  D,  was 
made  to  cover  the  chains,  etc.,  and  so  constructed  as  to  carry  the  monkey 
on  a  shoulder  left  on  the  cone  for  that  purpose.  The  combined  arrange- 
ment acts  admirably.  Without  some  such  contrivance  it  would  have 
been  difficult  to  use  a  detaching-hook,  and  it  was  very  desirable  that  one 
should  be  used  during  the  sinking.  In  case  of  the  trunk  being  over- 
wound, not  only  would  great  damage  be  done  by  the  trunk  falling  down 
the  shaft,  but — and  this  is  of  course  the  principal  thing — the  sinkers 
below  would  be  in  very  great  peril  of  their  lives. 

The  Secretary  read  the  following  notes  by  Mr.  E.  W.  Thirkell  on 
the  "  Safety-lamps  used  at  the  Oaks  Collieries"  : — 
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SAFETY-LAMPS  USED  AT  THE  OAKS  COLLIERIES. 


By  E.  W.  THIRKELL. 


The  safety-lamps  in  use  are  the  Protector  Mueseler,  fitted  with  a  tin- 
shield,  and  gas  oil  is  used  as  the  illuminant. 

Thorough  inspections  of  every  part  of  the  safety-lamps  are  made  by 
the  repairer  every  five  weeks.  By  this  means  slight  defects  are  detected, 
and  can  be  attended  to  before  they  get  into  a  dangerous  condition.  This 
inspection  takes  two  days,  one  day  for  the  locks,  threads,  etc.,  and  the 
other  for  the  gauzes  and  top  part  of  the  lamp.  In  order  to  keep  every 
part  of  the  lamp  under  notice  a  record  is  kept  of  the  life  of  each  part. 

Record  of  the  Life  of  the  various  Pakts  of  the  Mtjeseler 
Safety-lamp. 


Per 

Refer- 

Annum 

Per 

First  Half 

ence 
Marks. 

Names  of  the  Parts. 

during  1888 
and  18S9. 

Annum, 

1892. 

of  1894. 

A 

Wire  hooks 

0-070 

0-071 

0-048 

B 

Eyelets       

— 

— 

0-014 

C 

Iron  tops    ... 

0-071 

0-038 

0-012 

M 

Iron  standards 

0-009 

0-005 

0-004 

Leaden  plug-bolts            

•- 

— 

0-047 

E 

Brass  standards    ... 

0-084 

0-012 

o-oio 

( 

Top  gauzes 

0-340 

0-530 

0-240 

'1 

Shields 

0-380 

0-440 

0-210 

Permanent  cotton  wicks... 

0-330 

0-220 

0-070 

Sponges      ...     • 

0-084 

0-021 

0-008 

G 

Chimney  and  horizontal  gauze  ... 

0-590 

0-330 

0-160 

H 

Middle  body 

0-006 

0-008 

0-008 

H1 

Gauze  ring 

— 

0-008 

0-005 

H2 

Glass  ring  ... 

— 

0-016 

0-004 

M 

Extinguisher 

0-073 

0-170 

0-050 

Worm-screw 

0-083 

0-150 

— 

j 

Brass  screw-plate 

0-067 

0-117 

0-050 

( 

Outside  bottom  (oil  vessel)        

— 

0-012 

0-009 

K! 

Glasses        ...         ...         

Asbestos  washers  for  top  and  bottom  of 

1-240 

1-810 

0-820 

glass 

— 

o-oio 

0-440 

L 

Inside  bottom  (oil  vessel) 

— 

0-012 

0-012 

N 

Bottom  lock,  excluding  leaden  plug  and 

bolt       

— 

— 

0-006 

N1 

Fork  and  spring  of  lock  .. . 

0-110 

0-063 

0-025 

N2 

Cover  for  feed-hole  of  oil  vessel 

— 

— 

0-003 

Safety-lamps  used  in  wet  places  receive  special  attention,  and  are 
opened  and  cleaned  immediately  on  being  handed  in  at  the  lamp  cabin. 
The  gauzes  are  first  brushed  in  the  usual  way,  and  afterwards  with  a 
little  black-lead,  which  acts  as  a  preventive  against  rusting,  and  gives 
them  a  better  appearance.     A  little  tallow  applied  with  a  cloth  or  brush 
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to  the  frame  of  the  lamp  preserves  it  from  rust,  and  makes  it  more  easily 
cleaned.  Every  part  of  the  lamp  is  numbered,  so  as  to  avoid  the  risk  of 
mixing  when  putting  them  together.  The  number  of  lamps  put  out  for 
each  district  of  the  mine  is  recorded  every  day,  and  this  shows  where 
careless  usage  exists.  Instructions  are  given  that  the  remarks  in  the 
lamp-keeper's  report  book  shall  be  as  detailed  as  possible,  particulars 
being  given  as  to  all  damage  done  to  the  safety-lamps.  In  every  case 
where  lamps  are  damaged,  the  person  who  has  done  the  damage  is  seen 
by  the  manager  personally,  who  by  this  means  is  bound  to  know  whether 
proper  care  is  being  taken  by  those  using  the  lamps.  Before  being 
handed  to  the  workmen  each  safety-lamp  is  tested  in  gas,  in  a  mixture 
as  similar  as  possible  to  that  found  in  the  mine. 


Mr.  Hargreaves  (Rothweil  Haigh)  thought  that  safety-lamps  ought 
to  be  thoroughly  examined  more  than  once  in  five  weeks,  and  that  they 
should  be  tested  in  gas  daily  before  being  allowed  to  go  down  into  the  pit. 

Mr.  A.  A.  Atkinson  (Barrow  Collieries)  said  that  there  seemed  to  be 
some  misapprehension  about  this  matter.  The  safety-lamps  were  inspected 
daily.  Mr.  Thirkell  referred  to  a  more  special  examination,  to  ascertain 
the  condition  of  the  lamps,  screws,  threads,  etc. 

Mr.  Hargreaves  said  that  five  weeks  was  too  long  a  period  for  a 
safety-lamp  to  be  in  use  without  being  taken  to  pieces. 

Mr.  Nash  said  that  each  lamp  was  taken  to  pieces  every  day  at  the 
Oaks  collieries,  and  tested  as  thoroughly  as  at  any  other  place,  and  there 
was  in  addition  a  special  examination  to  replace  defective  parts. 

Mr.  Turnbull  said  that  900  safety-lamps  were  in  daily  use  at  the 
South  Kirkby  colliery,  and  they  were  daily  tested  in  gas  to  the  point  of 
extinction.  The  lamps  were  cleaned  in  the  usual  way  when  they  were 
brought  in  by  the  workmen,  and  then  put  on  the  shelf  ready  for  issue  to 
the  workmen  on  the  following  day. 

Mr.  T.  W.  H.  Mitchell  (Barnsley)  said  that  the  members  would 
remember  that  at  Aldwarke  colliery  the  flame  of  nearly  every  safety-lamp 
was  wafted  and  flickered  before  the  lamp  exploded.  Taking  that  view  of 
the  question,  they  had  made  a  practice  at  Mitchells  Main  colliery  of 
testing  the  safety- lamps  in  a  current  of  air  travelling  at  the  rate  of  25 
feet  per  second,  and  if  the  flame  flickered  the  lamp  was  put  on  one  side  for 
examination.     They  had  a  certain  number  of  safety-lamps  in  use  which 
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could  be  lighted  by  electricity,  and  they  found  it  a  great  convenience. 
These  lamps  were  tried  in  the  air-current  and  put  out  and  on  one  side. 
"When  the  workmen  came  for  them  they  were  placed  on  the  poles  of  the 
electric  battery  and  lighted.  They  were  thus  never  reopened  after  being 
tested.  They  had  not  yet  gone  into  the  question  of  cost,  but  the  saving  of 
oil  as  against  lighting  them  some  time  beforehand  was  considerable. 
Then,  again,  in  the  pit  a  battery  could  be  placed  in  the  care  of  a  work- 
man at  a  pass-by,  and  if  a  lamp  was  extinguished,  it  could  be  taken  there 
and  relighted.  The  system  seemed  to  be  working  very  well.  Colzaline 
oil  was  used. 


The  following   paper   by   Mr.  James   Bowers  on  the  "Hargreaves 
Balanced  Slide-valve  "  was  taken  as  read : — 
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HARGREAVES  BALANCED  SLIDE-VALVE 


By  JAMES  BOWERS. 


To  attempt  to  describe  all  the  methods  which  have  been  adopted  to 
balance  slide-valves  would  be  a  considerable  task. 

In  the  years  1890,  1891,  and  1892,  upwards  of  twenty  patents  were 
taken  out  for  balancing  slide-valves.  In  some  the  steam  was  admitted 
from  the  underside  of  the  valve  into  a  chamber  formed  by  a  cylinder  and 
piston  fitting  into  each  other,  having  plates  working  against  the  valve- 
face  and  steam-chest  cover.  In  others  there  was  an  arrangement  of 
double-ported  valves  open  through  and  having  a  stationary  port-valve 
fixed  to  the  cylinder-cover,  the  steam  partially  balancing  the  valve  so 
long  as  the  faces  were  in  perfect  contact.  Several  inventions  consisted 
of  various  arrangements  of  pistons  and  cylinders  fitted  with  packings 
and  springs,  some  travelling  with  the  valve  and  others  attached  to  the 
steam-chest  cover,  and  the  valve  moving  beneath. 

All  the  above-mentioned  appliances  and  other  devices  seen  by  the 
writer  appear  to  be  objectionable  owing  to  the  number  of  loose  working 
parts  depending  on  spiral  or  other  springs,  and  in  some  cases  packing- 
rings  to  keep  them  steam-tight  and  in  working  order.  These  are  all 
covered  up  in  the  steam-chest  and  cannot  be  examined,  and  no  means  are 
provided  for  ascertaining  if  they  are  acting  whilst  running ;  they  often 
become  non-effective  through  parts  becoming  fast,  which  cannot  be  found 
out  without  taking  the  parts  to  pieces  when  the  engine  is  standing. 

In  the  Hargreaves  anti-friction  or  balanced  slide-valve  (Figs.  1,  2, 
and  3)  the  ordinary  slide-valve  A  is  planed  on  the  back  to  a  true  surface, 
and  upon  this  is  placed  the  plate  B  and  piston  C,  cast  in  one  piece,  the 
piston  working  in  the  cylinder  D,  which  is  cast  in  one  piece  with  the 
steam-chest  cover  E. 

A  slightly  elastic  copper  diaphragm-plate  F  is  fixed  to  the  piston  C,  and 
the  cylinder  D,  in  which  are  a  series  of  grooves,  G,G.  The  steam  has  free 
access  by  the  grooves  to  the  recess  H,  and  its  pressure  is  exerted  upon  the 
exposed  surface  of  the  copper-plate. 
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The  difference  between  the  area  of  the  recess  H  and  the  area  of  the 
back  of  the  plate  B  is  the  total  area  acted  upon  by  the  steam-pressure,  and 


FIG.I.  FIG.*. 

is  just  sufficient  to  keep  the 
valve  to  the  face.  Should  any 
steam  find  its  way  between  the 
plate  B  and  the  slide-valve  A, 
it  immediately  escapes  through 
the  pipe  /.  This  pipe  also 
prevents  the  copper-plate  from 
being  strained  by  any  sudden 
shock  from  back-pressure  which  may  occur  in  winding  engines,  when, 
in  reversing,  the  steam  is  turned  suddenly  on  to  the  opposite  end  of  the 
cylinder.  This  purpose  is  effected  by  the  screw  J  in  the  cover  being 
screwed  down  on  to  the  collar  of  the  pipe  /,  so  as  to  allow  the  copper- 
plate to  have  a  slight  movement. 


FIG.3. 


The  following   paper   by   Mr.  James  Bowers  on  the  "  Hargreaves 
Piston  "  was  taken  as  read  : — 
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HARGREAVES  PISTON. 


By  JAMES  BOWEES. 


The  Hargreaves  piston-packing,  shown  in  Figs.  1,  2,  and  3,  is 
different  from  any  other  that  the  author  has  seen,  and  when  put  together 
with  the  piston  forms  a  perfectly  solid  block.  The  piston  is  purposely 
shown  (Fig.  1)  as  not  fitting  the  cylinder,  so  as  to  indicate  that  the  whole 
work  is  done  by  the  rings,  and  that  the  weight  of  the  piston  and  moving 
parts  is  sustained  entirely  by  the  rings.  In  the  case  of  a  cylinder  having 
been  rebored,  say  ^  inch  larger  in  diameter  than  the  original  size,  the 
use  of  this  packing  will  obviate  the  necessity  of  making  a  new  piston 
body  to  fit  the  cylinder,  as  would  probably  be  the  case  with  any  of  the 
ordinary  packing-rings.  Another  feature  of  the  piston-rings  is  that  the 
wear  is  equal  in  all  directions,  and  consequently  the  cylinder  is  kept  true 
and  the  piston  maintained  in  its  proper  position ;  and  in  cases  where  the 
piston  has  been  fitted  into  an  oval  cylinder  in  a  short  time  it  has  been 
brought  again  to  its  proper  circular  shape. 

The  two  inner  rings  (Figs.  1,  2,  and  3)  are  solid  at  their  circum- 
ference, and  are  bored  out  to  fit  easily  on  to  the  piston  body.     A  number 


FIG. I.  FIG2  H6.3. 

of  bosses  are  cast  round  the  inner  rings  in  which  spiral  springs  are  fitted, 
varying  in  number  and  strength  according  to  the  size  of  the  rings.  The 
outside  of  the  inner  rings  is  tapered  to  an  angle  of  about  75  degs.,  and 
the  outer  rings  are  tapered  correspondingly.  The  outer  rings  are  cut  in 
the  usual  way,  and  as  they  become  worn  the  spiral  springs  press  the  two 
inner  rings  apart,  keeping  the  outer  rings  pressed  up  against  the  walls  of 
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the  cylinder  and  the  sides  of  the  piston  and  junk-ring.  It  will,  there- 
fore, be  seen  that  unlike  other  packings  with  compound  spiral  springs 
which  have  to  sustain  the  weight  of  the  outer  rings  and  also  keep  them 
tight,  the  springs  in  the  Hargreaves  piston  follow  up  the  wear  of  the 
rings,  the  whole  weight  being  borne  by  the  rings  themselves. 

This  packing  is  well  adapted  and  is  extensively  used  for  piston-valves, 
as  the  steam  cannot  compress  them  when  passing  the  ports. 

Mr.  J.  E.  Chambers  (Tinsley)  moved  a  vote  of  thanks  to  Mr.  Bowers 
for  his  papers. 

Mr.  Nash  seconded  the  motion,  which  was  agreed  to. 


DISCUSSION  ON  MR.  R.  ROUTLEDGE'S  PAPER  ON  "  DAMAGE 
DONE    BY   LIGHTNING   TO  THE    SURFACE  WORKS  AT 
•   GARFORTH  COLLIERY."  * 

Mr.  A.  W.  Bennett  (Leeds)  said  that  the  effects  apparently  of  a 
single  flash  or  possibly  two  or  three  rapidly  following  flashes  of  lightning 
at  the  Garforth  colliery  might  be  summarized  as  follows  :-  - 

1.  On  the  lightning-conductor  which  is  attached  to  the  chimney. 

2.  On  the  compressed-air  pipe  which  was  supposed  to  have  been 

cracked,  but  was  found  to  have  merely  had  a  groove  cut  in  it, 
probably  by  the  lightning-conductor  end  that  became  detached 
from  the  earth-plate  and  was  thrown  up  past  the  pipe,  rip- 
ping up  the  ground. 

3.  On  the  pit  headgear.     A  flash  or  apparent  ball  of  fire  going 

down  the  pit ;  a  flash  also  being  seen  at  the  pit  bottom. 

4.  On  the  telephone  and  signal- wires,  both  of  which  appear  to  have 

formed  a  path  for  the  lightning-discharge ;  the  telephone 
(probably  on  account  of  using  earth  as  a  return  for  its  circuit) 
being  injured,  whilst  the  signals  were  not  affected. 

5.  The  winding  engineman  received  a  slight  shock. 
The  inferences  that  may  be  drawn  are  : — 

1.  That  the  storm  or  at  least  the  flash  was  an  unusually  severe 

one. 

2.  That    some    attractive   and    possibly  immediately    afterwards 

repulsive  force  existed  between  the  end  of  the  lightning- 
conductor  in  the  ground  and  the  air-pipe. 

*  Trans.  Fed.  Inst.,  vol.  viii.,  page  64. 


18         DISCUSSION — DAMAGE  BY  LIGHTNING  AT  GARFORTH  COLLIERY. 

3.  That  the  lightning-conductor  became  much  heated,  causing  it  to 

become  pliable  at  the  top  of  the  tape  where,  the  holding  set 
screw  being  loose,  it  dropped  out  of  the  fitting  connecting  it  to 
the  top-rod  and  points,  probably  also  releasing  the  tape 
from  its  connexion  with  the  copper-plate  in  the  earth.  The 
air-pipes  were  laid  after  the  lightning-conductor  had  been 
erected.  It  is  now  impossible  to  test  the  connexion  to  earth 
or  what  its  electrical  resistance  was  before  the  storm. 

4.  That  by  some  means  the  flow  of  electricity  from  earth  to  cloud 

and  cloud  to  earth,  took,  as  an  alternative  path  to  the  lightning- 
conductor,  the  pit-gearing,  and  thus  passed  to  earth  through 
the   winding-engine,  steam-pipes,  air-pipes,  and  the  air-com- 
pressor ;  another  path  being  through  the  guides  and  ropes  to 
the  pit-bottom  ;  and  two  other  paths  through  the  telephones 
in  the  lamp-cabin  and  in  the  pit  respectively. 
The  most  serious  matter  was,  of  course,  the  lightning  flash  going  into 
the  pit,  and  he  had  worked  out  approximately  the  electrical  resistances  of 
the  lightning-conductor  and  the  pit-guides  and  ropes  respectively.    Assum- 
ing the  distances  by  the  copper-tape  conductor  to  earth  to  be  100  feet  and 
by  the  ropes,  etc.,  500  feet,  taking  the  sectional  area  of  the  ropes  and 
guides  at  4  square  inches  and  the  copper -tape  at  0"125  square  inch,  the 
resistance  of  the  500  feet  of  iron  ropes  was  0*0074  ohm  and  of  the  100 
feet  of  copper-tape  was  0'0073  ohm,  the  resistances  being  practically  the 
same,  supposing  that  the  resistance  from  metal  to  earth  was  in  both  cases 
practically  nil.     The  height  of  the  chimney  was  about  100  feet,  against  a 
height  of  50  feet  for  the  head-gear  (to  the  top  of  the  wheel),  while  the 
distance  from  the  head-gear  to  the  chimney  was  about  150  feet.     If  the 
electrical  charge  in  the  cloud  were  directly  over  the  wheel,  or  in  the  op- 
posite direction  from  the  chimney  and  not  at  a  great  height,  then  the  head- 
gear might  form  the  shortest  path.     The  lightning-conductor,  provided 
with  points  and  making  good  earth,  should  draw  the  cloud  to  itself,  and 
if  the  charge  were  not  very  great  it  might  be  neutralized  or  discharged  by 
what  is  known  as  a  brush  discharge.     In  the  present  case,  however,  the 
connexion  to  these  points  was  not  good,  and  the  earth-connexion  was  at 
least  rather  doubtful ;  therefore,  it  would  seem  as  if  the  head-gearing  may 
have  been  the  path  of  least  resistance  to  earth.     As  a  probable  means  of 
obviating  or  at  least  minimizing  the  dangers  he  would  suggest : — 

1.  That  a  lightning-conductor  of  ample  area  of  best  copper  rope  or 
tape,  with  large  top-rod  or  tube  of  ample  section,  and  large 
points  preferably  tipped  with  platinum  should  be  adopted. 
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2.  If  connected  to  an  earth-plate  that  the  plate  be  large,  and  that 

the  connexion  be  made  as  perfect  as  possible. 

3.  The  thorough  testing  of  the  conductor  for  conductivity  to  earth 

immediately  after  erection  and  at  regular  periods. 

4.  The  lightning-conductor  should  be   connected,  if  possible,   to 

steam,  air,  gas,  or  water-pipes,  and  also  to  the  pit-head  gearing 
in  the  best  possible  manner,  so  as  to  ensure  a  continuity  of 
exceedingly  low  resistance  and  large  area  to  earth  at  the  surface. 
He  also  advised  that  one  or  more  copper  points  (with  tape  led  from 
them  to  the  same  earthing-system)  placed  upon  the  head-gear  might  be 
found  of  advantage,  especially  if  the  gearing  be  far  from  the  main  light- 
ning-conductor, the  idea  being  that  wherever  the  electrical  charge  in  a 
cloud  may  be  it  may  get  to  earth  by  paths  of  much  lower  resistance  than 
those  going  into  the  pit.    That  such  exist  not  merely  in  theory  but  in  fact 
can  be  ascertained  by  regular  periodical  tests. 

5.  The  telephones  should  have  metallic  circuits,  with  both  the  wires 

insulated,  where  communication  is  made  from  the  surface  into 
the  pit,  so  as  to  increase  the  safety. 

Mr.  Nash  asked  how  the  conductor  was  to  be  tested  ? 

Mr.  Bennett  said  that  the  testing  would  be  made  for  continuity  to 
earth,  or  for  the  least  electrical  resistance  from  the  lightning-conductor  to 
earth,  which  seemed  to  him  the  most  likely  part  to  become  faulty. 

Mr.  Nash  said  that  he  understood  Mr.  Bennett  to  be  of  opinion  that 
the  fault  lay  between  the  connexion  at  the  top  of  the  chimney  and  the 
connexion  to  earth. 

Mr.  R.  Routledge  said  that  if  the  conductor  had  been  broken 
previously,  it  would  have  been  seen,  just  as  after  the  accident  they  could 
see  the  end  hanging  from  the  ground.  He  thought  that  part  of  the 
current  had  got  past  before  it  broke,  and  when  the  air-pipe  was  taken  up, 
instead  of  being  broken  it  was  found  to  be  merely  grooved. 

Mr.  J.  Routledge  thought  that  the  connexion  with  the  earth  must 
have  been  a  good  one,  or  the  ground  would  not  have  been  ripped  up. 
He  remembered  a  case  where  a  chimney  was  struck  by  lightning  some 
years  ago,  and  the  conductor  was  found  in  working  order  afterwards,  and 
yet  the  chimney  was  broken  and  the  ground  ripped  up. 

The  President  said  that  in  that  case  the  conductor  had  not  been 
large  enough  to  carry  the  current. 

Mr.  Bennett  said  it  seemed  to  him  that  the  fact  of  the  earth  having 
been  ripped  up  indicated  that  there  must  have  been  great  force  there,  and 
as  a  rule  in  electrical  systems  they  found  the  maximum  force  where  the 


20         DISCUSSION — DAMAGE  BY  LIGHTNING  AT  GAEFOETH  COLLIEEY. 

resistance  was  greatest.  The  earth  was  ripped  up  because  the  conductor 
was  in  good  order,  but  the  connexion  to  earth  for  so  large  a  current  had 
been  insufficient. 

Mr.  H.  Bonsee  (Leeds)  understood  that  Mr.  Bennett  recommended 
the  use  of  auxiliary  conductors. 

Mr.  Bennett  said  that  was  so. 

Mr.  Tuenbull  was  doubtful  as  to  the  value  of  lightning-conductors, 
as  he  had  noticed  that  all  places  which  had  been  struck  by  lightning  had 
been  fitted  with  lightning-conductors.  He  had  not  seen  a  place  struck 
by  lightning  where  there  had  not  been  a  conductor. 

Mr.  E.  Routledge  said  that  the  chimney  struck  by  the  lightning 
had  been  built  and  fitted  with  the  conductor  for  five  years.  There  was 
another  chimney  115  feet  high,  which  had  been  built  for  sixty  years,  and 
had  never  been  injured  by  lightning. 

Mr.  Hodgson  (Garforth)  said  he  had  always  been  under  the  impres- 
sion that  there  were  three  kinds  of  lightning — forked,  sheet,  and  ball 
lightning.  The  accident  at  Garforth  colliery  was  due  to  ball  lightning, 
and  he  understood  that  there  was  no  method  of  conducting  ball  lightning. 

Mr.  Bennett  said  that  the  question  of  sheet,  forked,  or  ball  lightning 
resolved  itself  into  a  question  of  how  far  the  cloud  carrying  the  electricity 
was  distant  from  the  earth.  In  the  case  of  sheet  lightning,  the  electricity 
went  from  one  cloud  to  another  ;  in  the  case  of  forked  lightning  the 
charge  went  from  the  cloud  to  the  earth  ;  ball  lightning  was  a  form 
where  the  cloud  or  source  of  the  lightning  was  close  to  the  earth.  Its 
occurrence  would  also  support  what  they  already  knew,  that  the  current 
did  actually  go  down  the  head-gear. 

Mr.  H.  Bonsee  said  he  had  tested  the  earth-connexions  with  a 
galvanometer  ordinarily  used  for  testing  fuzes.  For  an  earth-connexion 
he  recommended  that  the  copper  wire  conductor  should  be  run  50  to  100 
feet  in  the  ground,  and  that  a  barrowf ul  of  scrap-iron  should  be  placed  at 
the  end ;  this  would  form  an  excellent  earth-connexion,  and  the  scrap- 
iron  would  distribute  any  current  which  might  come  down  the  conductor. 
Formerly,  they  were  told  that  it  was  necessary  to  detach  the  tape  from 
the  building  by  means  of  insulators,  but  now  they  were  told  that  it 
should  form  part  and  parcel  of  the  building,  so  that  ideas  had  altered 
considerably  about  lightning-conductors  in  recent  years.  The  earth- 
connexion  might  be  tested  by  a  galvanometer  at  any  time. 

Mr.  R.  Routledge  said  that  the  conductor  which  he  had  mentioned 
was  taken  a  distance  of  12  feet  from  the  chimney  and  laid  against  a 
metal  pipe. 

The  discussion  was  then  adjourned. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Royal  Victoria  Hotel,  Sheffield,  December  15th,  1894. 


Me.  J.  NEVIN,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated : — 

Members — 
Mr.    Fred.    Bagshawe,  Agent    of    Wire-rope    Manufacturer,   4,  Ashgrove 

Headingley,  Leeds. 
Mr.  Albert  Beard,  Colliery  Manager,  Carlton  Main  Colliery,  Barnsley. 
Mr.  Wilfred  Butterley,  Colliery  Manager,  North  Gawber  Colliery,  Barnsley. 
Mr.  Alfred  Lymn,  Mining  Engineer,  Fir  Tree  Cottage,  Ince,  Wigan. 


DISCUSSION  UPON  MR.  T.  H.  WORDSWORTH'S  "NOTES  ON 
COAL-GETTING  BY  MACHINERY."* 

Mr.  M.  H.  Habershon  (Thorncliffe)  said  that  it  would  be  interesting 
to  know  the  amount  of  power  requisite  to  drive  the  machine  before 
and  after  the  increase  of  the  diameter  of  the  cutter-wheel,  and  the 
alteration  in  the  thickness  or  depth  of  the  holing.  He  understood  that  the 
machine  described  cut  a  greater  thickness  than  previous  machines.  The 
paper  stated  clearly  the  ratio  of  the  gearing,  but  there  was  no  statement 
made  as  to  the  number  of  revolutions  made  by  the  cutting-wheel.  He 
also  asked  whether  the  writer  of  the  paper  had  made  tests  as  to  the 
amount  of  air  pressure  at  the  machine  itself,  or  in  the  2  inches  iron  pipes 
leading  up  to  it  ? 

Mr.  W.  E.  Garforth  said  that  no  indicator-diagrams  had  been  taken 
on  the  machine,  owing  to  its  oscillation  when  working.  It  was  difficult 
to  say  what  power  was  required  to  drive  a  coal-cutting  machine,  as 

*  Trans.  Fed.  Inst.,  voL  vii.,  pages  149,  260  and  495. 
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it  worked  much  quicker  when  going  through  soft  coal  than  when 
cutting  in  hard  coal.  He  would  however  consider  whether  an  indi- 
cator could  be  put  to  the  machine.  Last  week  the  machine  cut  1 ,800 
feet  in  one  week  of  two  8  hours'  shifts  daily.  A  greater  distance  had 
been  cut  than  that  on  several  occasions.  The  machine  made  greater 
progress  when  working  at  33  lbs.  to  35  lbs.,  with  air  supplied  from  9 
inches  pipes  than  with  45  lbs.  pressure  when  supplied  from  6  inches  pipes. 

Mr.  M.  H.  Habeeshon  asked  what  length  of  2  inches  pipes  was 
in  use  ? 

Mr.  W.  E.  Garforth  said  that  the  machines  had  been  supplied  with 
air  travelling  through  more  than  15,000  feet  of  pipes.  Iron  pipes  and 
portable  armoured  pipes  were  used. 

The  President  said  it  would  be  interesting  to  ascertain  the  pressure 
on  the  piston. 

Mr.  T.  H.  Wordsworth  said  that  the  pressure  on  the  iron  pipes,  next 
to  the  flexible  tube,  was  45  lbs.  with  one  machine  working  ;  when  three 
machines  were  working  there  was  rather  less  pressure. 

Mr.  W.  E.  Garforth  said  that  they  had  found  great  benefit  from 
enlarging  the  pipes  from  6  to  9  inches  in  diameter.  They  found  that  it 
was  quite  as  easy  to  drive  the  large  as  the  small  wheel. 

Mr.  O.  E.  Rhodes  asked  what  was  the  speed  of  the  engine  ? 

Mr.  T.  H.  Wordsworth  said  that  the  speed  varied  from  100  to  200 
revolutions  per  minute. 

The  President  said  that  gave  4  to  8  revolutions  of  the  cutting-wheel 
per  minute.  With  the  5  feet  cutting- wheel,  the  distance  from  the  pack 
to  the  nearest  row  of  props  would  be  at  least  9  feet.  The  increased  depth 
of  the  cutting-wheel  meant  a  longer  length  of  roof  unsupported. 

Mr.  T.  H.  Wordsworth  said  that  the  distance  did  not  exceed  8  feet. 
The  machine  would  go  in  a  width  of  3  feet  easily. 

Mr.  C.  E.  Rhodes  said  that  the  cutter  would  be  4|  feet  inside  the  coal. 

The  President  said  that  the  cutting  would  be  spragged. 

Mr.  T.  H.  Wordsworth  said  that  the  speed  of  the  machine  did  not 
appear  to  be  in  the  machine  itself  so  much  as  in  the  number  of  workmen 
following  it.  They  could  easily  cut  from  150  to  250  feet  per  shift,  if  they 
sent  three  instead  of  two  workmen. 

Mr.  W.  E.  Garforth  said  that  the  men  working  the  4^  feet  machine 
could  not  earn  as  much  by  a  shilling  a  day  as  the  men  with  the  5  feet 
machine. 

Mr.  0.  E.  Rhodes  said  that  the  difficulty  with  all  cutting-machines 
appeared  to  be  that  they  must  be  applied  in  a  seam  which  was  exceptionally 
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suitable  with  regard  to  roof,  regularity  of  the  floor  and  other  natural  condi- 
tions which  were  not  always  available.  The  machines  might  be  a  great 
success  at  one  place,  but  it  did  not  follow  that  they  could  be  made  a  success 
generally.  In  Mr.  Garforth's  case  and  at  the  Lidgett  and  Wharncliffe 
Silkstone  collieries,  the  machine  was  a  great  success ;  but  where  there  were 
difficulties  with  a  bad  roof  and  they  could  not  get  a  straight  line  of  face, 
or  if  there  were  difficulties  with  regard  to  faults,  it  seemed  to  be  impossible 
to  apply  machinery  for  holing  purposes  with  success. 

Mr.  W.  E.  Garforth  agreed  with  Mr.  Rhodes'  remarks.  The  coal- 
cutter worked  successfully  in  the  new  silkstone  seam ;  but  in  the  other 
part  of  the  silkstone  seam,  which  lies  at  a  greater  depth,  the  machine 
would  be  buried  before  it  had  worked  many  minutes.  In  the  Stanley 
main  seam,  it  could  not  be  used  because  the  holing  was  made  in  the  middle 
of  the  seam  ;  and  in  the  Haigh  Moor  seam,  it  could  not  be  worked  so 
successfully  owing  to  the  thick  clod  on  the  top  of  the  coal. 

Mr.  0.  E.  Rhodes  suggested  that  a  member  should  be  requested 
to  read  a  paper  on  heading-machines,  so  as  to  follow  up  this  discussion 
on  holing-machines. 

Mr.  H.  B.  Nash  (Barnsley)  said  that  heading-machines  were  used  at 
Cortonwood  and  other  collieries. 

The  discussion  was  then  adjourned. 


INTERNAL  FLAWS  IN  STEEL. 

Mr.  T  omas  Andrews  (Wortly  Ironworks,  Sheffield)  submitted  a 
series  of  twenty-four  drawings  illustrative  of  the  subject  of  internal  flaws  in 
steel.  He  was  seeking  to  find  out  the  cause  of  the  internal  and  hitherto 
unknown  flaws  in  steel  and  iron  forgings,  which  had  led  to  those  so- 
called  mysterious  fractures.  He  had  been  devoting  attention  to  the 
study  of  the  deterioration  of  fatigue  in  metals ;  studying  not  only 
temperature,  but  stress.  He  had  been  working  with  high  microscopical 
powers  in  studying  the  interior  of  large  propeller-shafts  and  various 
constructive  metals.  The  question  of  the  deterioration  of  fatigue  in 
metals  was  not  only  an  important  one,  but  it  was  very  difficult  to  study. 
If  they  could  have  a  perfect  metal  there  should  be  no  deterioration  of 
fatigue — that  was  the  basis  of  his  researches.  Every  metal  was  however 
more  or  less  imperfect,  and  having  to  deal  with  imperfect  things,  the  first 
thing  that  the  metallurgist  had  to  do  was  to  find  out  the  ultimate  cause  of 
this  deterioration  of  fatigue.  Up  to  the  present  time,  they  had  been  dodging 
about  in  an  empirical  manner,  saying  this  or  that  was  the  cause  of  the 
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fracture,  without  having  any  exact  information  to  guide  them.  He 
hoped  to  shed  some  light  on  this  subject.  He  thought  that  he  had  got 
a  clue  to  the  cause,  and,  having  ascertained  that,  the  next  thing  was  to 
minimize  the  effect  of  these  flaws  in  existing  structures ;  and  the  third 
and  most  important  matter  was  to  do  away  with  all  these  internal  flaws 
if  possible  in  all  new  work. 

Mr.  C.  E.  Rhodes  asked  if  the  steel  or  iron  tested  had  been  made 
from  ordinary  ingots  ? 

Mr.  Andrews  said  that  some  of  the  pieces  were  taken  from  large 
propeller-shafts,  36  feet  in  length  and  12  inches  in  diameter ;  some  from 
English,  Scotch,  and  Belgian  railway-axles  ;  some  from  English,  and 
other  tyres  ;  some  from  boiler-plates  ;  and  others  from  all  kinds  of  con- 
structive work,  including  heavy  steel  guns,  shells,  etc. 

Mr.  C.  E.  Rhodes  asked  if  there  was  any  marked  difference  between 
the  result  of  these  fractures  taken  from  propeller-shafts  or  any  large 
forging  as  compared  with  smaller  forgings  or  chain-links  ? 

Mr.  Andrews  said  that  there  was  a  difference.  He  had  recently  sent 
to  Sir  George  Stokes,  of  Cambridge,  for  communication  to  the  Royal 
Society  of  London,  an  account  of  a  discovery  which  it  had  been  his 
privilege  to  make  on  the  effect  of  cooling  of  large  masses  of  metal. 
In  the  course  of  his  observations  on  the  cooling  of  large  masses  of  metal 
from  a  white  heat  to  an  ordinary  temperature,  he  had  been  fortunate 
enough  to  discover  a  subcrystallization  of  the  metal,  so  that  iron  was 
divided  not  only  into  the  primary  crystals,  which  had  hitherto  been  re- 
garded as  the  primary  structure  of  the  metal,  but  was  subdivided  into  more 
minute  crystals  still,  and  those  crystals  were  so  minute  that  a  cubic  inch 
of  metallic  iron  in  a  forging  or  large  shaft  would  contain  no  less  than 
1,000,000,000  of  these  minute  crystals  of  the  secondary  division  which 
he  had  just  discovered.  This  fact  might  have  an  important  bearing  on 
this  deterioration  of  fatigue.  Prof.  Arnold,  of  the  Sheffield  Technical 
School,  had  shown  that  by  increasing  the  percentage  of  sulphur  in  steel, 
that  the  true  crystals  of  metal  segregated  in  distinct  areas,  while  the 
sulphide  of  iron  occupied  the  spaces  between  the  true  crystals  of  the 
metal.  Sulphur  was  the  great  enemy  of  steel,  and  Prof.  Arnold  had 
been  investigating  the  subject  recently ;  and,  though  Prof.  Arnold's  re- 
searches and  the  authors  were  conducted  on  somewhat  different  lines, 
he  was  glad  to  say  that  they  agreed  generally  in  their  conclusions.  The 
action  of  phosphorus  was  also  very  detrimental  in  steel  or  iron. 

A  vote  of  thanks  was  accorded  to  Mr.  Andrews,  after  he  had  explained 
his  drawings. 
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CHESTERFIELD  AND  MIDLAND  COUNTIES  INSTITUTION 
OF  ENGINEERS, 

AND 

MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


JOINT  EXCURSION 
To  Shireoaks  Collieries  and  Welbeck  Abbey,  September  27th,  1894. 


Mr.  C.  TYLDEN  WEIGHT,  in  the  Chair. 

The  following  gentlemen  were  elected : — 

Member — 
Mr.  Edward  Ellis  Booker,  Colliery  Manager,  St.  John's  Colliery,  Staveley, 
Chesterfield. 

Student — 
Mr.  George  Catterall  Leach,  Surveyor  and  Draughtsman,  Birchill  Lodge, 
Hasland,  Chesterfield. 


The  party  arrived  by  different  routes  at  Shireoaks  station,  and  walked 
to  and  inspected  the  Shireoaks  colliery,  and  afterwards  visited  Shireoaks 
church,  Steetley  colliery,  Steetley  chapel  (a  restored  Norman  fabric),  and 
Whitwell  colliery.  The  visitors  had  luncheon  in  the  riding  school  at 
Welbeck,  at  the  invitation  of  the  Shireoaks  Colliery  Company,  and  after 
passing  through  the  remarkable  underground  and  other  state  rooms  of 
Welbeck  Abbey  and  the  ornamental  grounds,  drove  through  the  parks  to 
Worksop. 

The  following  notes  record  some  of  the  features  of  interest  seen  by 
the  visitors  at  the  Shireoaks  Company's  collieries  : — 

SHIREOAKS   COLLIERIES. 

The  company's  coal-field  contains  about  9,000  acres  of  the  top  hard 
coal-seam  (2  feet  8  inches  to  4  feet  thick),  and  is  situated  in  the  counties 
of  York,  Derby,  and  Notts. 

The  Shireoaks  pits  are  12  feet  in  diameter,  and  1,560  feet  deep,  and 
were  sunk  for  the  Duke  of  Newcastle  in  1859.  They  are  lined  with  con- 
tinuous tubbing  to  a  depth  of  510  feet,  the  pressure  on  the  bottom  length 
being  196  lbs.  per  square  inch. 
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The  No.  1  pit  winding  engine  has  2  vertical  cylinders  32  inches  in 
diameter  and  6  feet  stroke.  Flat  ropes  are  used,  and  the  shafts  are  fitted 
with  wooden  conductors. 

The  No.  2  pit  winding  engine  is  of  similar  design,  fitted  with  a 
conical  drum  17  feet  to  19  feet  in  diameter.  There  are  wire  conductors, 
two  to  each  cage,  and  safety-ropes  between  the  cages.  The  underground 
haulage  is  worked  by  steam  from  boilers  at  the  bottom  of  No.  2  pit, 
and  by  air  from  compressors  on  the  surface.  The  air-cylinders  are  32 
inches  in  diameter  by  4  feet  stroke,  and  36  inches  by  5  feet  stroke.  The 
endless-rope  haulage  is  on  the  slow-speed  system,  with  ropes  running 
below  the  corves.  The  ventilation  is  effected  by  an  underground  furnace, 
producing  200,000  cubic  feet  of  air  per  minute,  the  water-gauge  being 
1*5  inches  at  the  pit  bottom. 

The  shops  comprise  foundry,  crucible-steel  plant,  and  waggon-shops. 

Steetley  Colliery. — The  single  shaft,  15  feet  in  diameter, 
is  1,770  feet  deep.  The  winding  engine  has  2  cylinders,  each  32  inches 
in  diameter  by  5  feet  stroke.  There  is  a  scroll-drum  14  feet  to  22  feet 
in  diameter.  There  are  wire  conductors,  three  on  the  outside  of  each 
cage.  The  underground  haulage  is  driven  by  compressed  air,  supplied 
from  a  compressor  with  2  air-cylinders,  28  inches  in  diameter  by  4  feet 
stroke.  There  are  8  Lancashire  boilers,  1\  feet  in  diameter  by  30  feet 
long,  fired  by  Cass  mechanical  stokers. 

Whitwell  Colliery. — The  single  shaft,  sunk  in  1892,  is  15 
feet  in  diameter  and  930  feet  deep.  The  winding  engine  has  2 
cylinders,  each  36  inches  in  diameter  and  6  feet  stroke,  fitted  with  a 
parallel  drum,  24  feet  in  diameter.  There  are  3  Lancashire  boilers,  8  feet 
in  .diameter  by  30  feet  long,  fired  with  Cass  stokers.  Ventilation  is  pro- 
duced by  a  "Walker  fan,  20  feet  in  diameter  by  7  feet  wide,  driven  by 
rope  gearing,  4  to  1. 

The  working's  are  inter-connected,  and  extend  4|  miles  from  north  to 
south. 

The  Clown  pits  are  3  miles  from  Whitwell  colliery,  and  were  not  in- 
spected by  the  visitors. 
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MIDLAND    INSTITUTE    OF   MINING,    CIVIL,    AND 
MECHANICAL  ENGINEERS. 


GENERAL   MEETING, 
Held  at  the  Institute  Rooms,  Barnsley,  February  9th,  1895. 


Mr.  H.  B.  NASH,  Vice-President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The    following   gentlemen    were    elected,   having    been    previously 
nominated : — 

Members— 
Mr.  David  Bannister,  Mechanical  Engineer,  Shaw  Cross,  near  Dewsbury. 
Mr.  AUGUSTUS  Bever,  Mechanical  Engineer,  Dewsbury  Foundry,  Dewsbury. 
Mr.  William  Thomas  Depledge,  Timber  Merchant,  The  Lodge.  Stanley, 

Wakefield. 
Mr.  David   Elliott,  Colliery    Under-Manager,    Houghton    Main    Colliery, 

Barnsley. 
Mr.  Wm.  Firth,  Iron  Merchant,  Water  Lane,  Leeds. 

Mr.  Jonathan  Isherwood,  Colliery  Manager,  Hoydroyd  Colliery,  Barnsley. 
Mr.  James  Reeves,   Jun.,  Assistant   Colliery   Under-Manager,    High    Carr 

House,  Alvecote,  Tamworth. 
Mr.    Arthur    Shuttleworth,    Colliery    Under-Manager,     Park    Terrace, 

Worsbro'  Park,  near  Barnsley. 
Mr.   Arthur    Simpkin,   Assistant   Colliery   Manager,   South    Kirkby,   near 

Wakefield. 
Mr.   James    Tait,   Colliery   Under-Manager,   South    Kirkby   Colliery,   near 

Wakefield. 


28  TRANSACTIONS. 


MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  April  6th,  1895. 

Me.  J.  NEVIN,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The    following    gentlemen    were    elected,   having    been    previously 
nominated : — 

Members — 
Mr.  Fred  Coultas,  Colliery  Manager,  Deepcar,  near  Sheffield. 
Mr.  Robert  Watkin,  Colliery  Under- Manager,  Cortonwood  Colliery.  Barnsley. 
Mr.   Thos.    Foster,   Colliery   Under-Manager,   Oaks   Colliery   House,    near 

Barnsley. 
Mr.  Walter  Newton  Drew,  Mining  Student,  Rockingham  Colliery,  near 

Barnsley. 
Mr.  George  Charles  Kenyon,  Colliery  Under-Manager,  Sandygate,  Wath, 

near  Rotherham. 
Mr.  Samuel  Da  vies,  Deputy,  3,  Park  Road  View,  Worsbro'  Bridge,  Barnsley. 


Mr.  H.  "Wormald  read  the  following  paper  on  "  Designs  for  Pump- 
valves  "  : — 
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DESIGNS  FOR  PUMP-VALVES. 


By  H.  WORMALD. 


The  pump-valves  referred  to  in  this  paper  are  to  a  great  extent 
intended  for  use  with  clear  water,  although  some  of  them  are  also  suit- 
able for  dealing  with  dirty  water. 

Pump- valves  may  be  divided  into  three  classes,  viz. : — 

(a)  Valves  suitable  for  low  lifts, 

(b)  Valves  suitable  for  medium  lifts,  and 

(c)  Valves  suitable  for  heavy  lifts. 

The  arrows  in  the  various  illustrations  show  the  direction  in  which 
the  water  flows  through  each  particular  valve.  The  rubber  rings  shown 
around  the  central  spindles  are  intended  to  be  compressed  during  the 
opening  of  the  valve,  the  opening  being  thereby  regulated  according  to 
the  volume  of  water  passing  through  ;  and  to  some  extent  the  amount  of 
wear  and  tear  in  any  particular  valve  will  vary  according  to  its  work. 

(a)  Low-lift  Valves. 

Low-lift  valves  are  suitable  for  lifts,  say  up  to  200  feet  high. 

The  valve  shown  in  Figs.  1  and  2  (Plate  VIII.)  consists  of  an  ordinary 
indiarubber  disc  A,  working  on  a  grid  or  grating  B.  This  valve  can  be 
made  almost  of  any  size  to  suit  the  quantity  of  water  pumped,  but  care 
must  be  taken  in  constructing  the  grid  or  seat.  Each  of  the  holes  in  the 
grid  should  be  of  a  suitable  size,  so  that  the  indiarubber  disc  will  not  be 
squeezed  through  under  working  conditions.  The  guard  C  should  be 
constructed  with  holes  as  shown  in  Fig.  2,  in  order  that  the  water- 
pressure  can  get  behind,  and  close  the  valve  quickly  at  the  end  of  the 
stroke. 

Figs.  3  and  4  show  the  pyramid  valve,  consisting  of  two  circular 
indiarubber  rings  A  A,  fixed  one  above  the  other,  and  held  down  by 
the  guards  B.  In  working,  the  outer  edges  of  each  of  the  indiarubber 
rings  rise  against  the  guards,  and  so  allow  the  water  to  pass  through  the 
openings  in  the  grating  or  seat  C.  These  openings  should  be  of  the  same 
design  as  those  shown  in  Figs.  1  and  2.  This  valve  has  an  ample  area  for 
the  passage  of  the  water  through  it. 

-f 
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Figs.  5  and  6  show  the  hatband  valve,  consisting  of  three  circular 
indiarubber  rings  AAA,  placed  one  above  the  other.  These  valves  are 
secured  to  the  valve-seat  B  by  means  of  wrought-iron  hoops  G.  The 
indiarubber  rings  only  open  on  the  top  side  and  allow  the  water  to  pass 
through  the  openings  in  the  grating  or  seat.  This  valve  affords  a  large 
area  in  the  seat  for  the  passage  of  the  water,  and  more  especially  as  there 
are  no  ribs  or  bosses  to  impede  its  progress. 

Figs.  7  and  8  show  the  ordinary  double-flap  or  butterfly  valve,  which 
is  extensively  used  for  pumping  purposes.  In  this  case,  the  valves  A  A, 
are  made  of  leather  strengthened  and  weighted  by  wrought-iron  plates 
B  B,  so  as  to  facilitate  their  closing  under  working  conditions.  The 
valves  shown  in  the  figures  are  hinged  with  leather,  open  under  the 
crossbar  C,  and  are  prevented  from  opening  too  far  by  the  stop  D. 

Fig.  9  shows  the  same  class  of  butterfly  valve  as  Figs.  7  and  8,  but  in 
order  to  make  the  working  conditions  more  clear,  the  bucket  or  delivery- 
valve  and  the  suction-valve  are  shown  combined.  The  outer  coating  E 
in  the  bucket  is  made  of  leather  or  guttapercha  held  in  position  by  the 
wrought-iron  ring  F.  The  outer  coating  E  is  easily  replaced  when 
necessary  by  removing  the  crossbar  0. 

(b)  Medium-lift  Valves. 

Medium-lift  valves  are  most  suitable  for  lifts,  say  up  to  about  400 
feet  high. 

Fig.  10  shows  the  ordinary  single-flap  or  clack-valve  and  bucket 
combined.  The  lower  valve  or  clack-seat  A  is  fixed  at  the  bottom  of  the 
working-barrel,  and  the  valve  B  swings  on  the  pin  G,  and  is  prevented 
from  opening  too  far  by  the  stop  D.  The  bucket  E  is  of  the  same  con- 
struction as  the  suction-valve,  and  is  turned  on  the  outer  edge  so  as  to 
fit  the  working -barrel  F.  The  valves  shown  in  the  figures  are  made  of 
brass,  and  are  much  too  large  and  too  expensive  for  ordinary  purposes. 
The  usual  plan  of  making  a  bucket  for  an  ordinary  house-pump,  is  to 
take  a  piece  of  wood  and  turn  it  in  the  lathe  to  suit  the  size  of  barrel, 
bore  a  hole  in  it  for  the  passage  of  the  water,  and  nail  a  piece  of  leather 
on  the  top  of  it  to  act  as  the  lid  or  valve. 

Figs.  11  and  12  show  a  type  of  an  ordinary  leather  disc  flat-beat  valve, 
with  a  large  water-way,  as  shown  by  the  openings  in  Fig.  12.  This  valve 
is  not  suitable  for  use  when  pumping  dirty  water,  because  as  the  valve  in 
opening  rides  bodily  up  the  central  spindle  A,  the  sediment  contained  in 
the  dirty  water  would  lodge  at  the  root  of  the  central  spindle,  and  prevent 
the  valve  from  closing. 
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Figs.  13  and  14  show  the  ordinary  flat  metallic  double-beat  valve. 
The  valve-seat  A  is  made  of  cast-iron,  principally  with  the  object  of 
keeping  down  the  cost.  The  beats  B  are  of  gun-metal  fixed  in  the  seat, 
and  the  valve  E  is  of  brass.  The  water  is  free  to  pass  away  from  the 
inner  beats  G,  as  well  as  the  outer  beats  D.  This  valve  is  extensively 
used  at  waterworks,  and  gives  excellent  results. 

Figs.  15  aud  16  show  a  valve  constructed  on  the  same  lines  as  Figs. 
13  and  14,  save  that  it  is  of  much  cheaper  construction,  but  is  equally 
efficient.  The  beats  A  A  can  be  made  of  leather,  guttapercha,  brass, 
wood,  or  anything  suitable  to  the  conditions  under  which  it  may  have 
to  work. 

(c)  Heavy-lift  Valves. 

The  following  valves  are  suitable  for  heavy  lifts  above  400  feet 
high  :— 

Figs.  17  and  18  show  an  ordinary  single-beat  mushroom  valve,  having 
a  spindle  A  guided  in  the  cover  of  the  valve-box,  and  a  central  spindle  B 
on  the  underside  of  the  valve  guided  in  the  valve-seat  G. 

Figs.  19  and  20  show  an  ordinary  single-beat  wing  valve,  having  a 
central  spindle  A  on  the  top  of  the  valve  guided  in  the  cover  of  the  valve- 
box,  and  four  wings  or  ribs  B  on  the  underside  of  the  valve,  which  act  as 
guides  in  the  inner  circle  of  the  valve-seat  G. 

The  valves  and  seats  shown  in  Figs.  17,  18,  19,  and  20  are  usually 
made  of  brass,  and  are  adapted  for  almost  any  pressure.  As  they  are 
only  single-beat  valves,  there  is  often  a  good  deal  of  noise  when  working, 
especially  when  the  lift  is  heavy  and  the  speed  fast.  These  valves  are, 
however,  more  extensively  used  than  any  other  class  for  general  pumping 
purposes. 

Figs.  21  and  22  show  a  type  of  double-beat  valve,  which  is  suitable 
for  either  high  or  medium  lifts.  The  beats  are  arranged  so  that  they 
give  a  free  passage  to  the  water,  and  the  tendency  to  bring  the  valve 
back  to  its  seat  with  a  sharp  click  is  considerably  less  than  that  of  the 
ordinary  single-beat  valve,  because  the  area  of  valve  exposed  to  the  water 
pressure  is  considerably  less.  The  beats  A  A  can  be  made  of  leather, 
guttapercha,  gun-metal,  white  metal,  or  other  substance  which  may  be 
suitable  for  the  purpose.  The  valves  rise  bodily  on  the  central  spindle  B, 
which  acts  as  a  guide,  and  the  main  body  of  the  valve  rides  on  the  wings 
G  G  formed  in  the  valve-seating. 

Figs.  23  and  24  show  another  type  of  double-beat  valve,  similar  in 
construction  to  the  last  described,  the  difference  being  that  the  beats  A 
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are  arranged  at  an  angle,  so  as  to  allow  the  water — as  indicated  by  the 
arrows— to  continue  nearly  in  a  straight  line  on  its  course  through  the 
valves,  thereby  diminishing  the  loss  of  power  absorbed  in  friction. 

It  will  be  noticed  that  the  author  has  not  entered  minutely  into  the 
material  of  which  any  particular  valve  should  be  made.  This  selection 
depends  upon  the  chemical  properties  of  the  water  to  be  pumped  and 
upon  the  predilections  of  those  ordering  the  pumps. 

The  progress  made  during  late  years  in  the  design  of  pump- valves  is 
amply  proved  by  the  fact  that  it  is  common  practice  to  raise  in  one  lift 
at  the  present  day  what  would  have  been  raised  in  five  or  six  lifts  thirty 
or  forty  years  ago. 


Mr.  A.  Lupton  (Leeds)  asked  why,  apart  from  economical  reasons, 
engineers  were  so  fond  of  using  gun-metal  and  brass  for  valves.  Some 
years  ago  he  had  to  design  valves  to  stand  a  pressure  of  20  to  30  tons  per 
square  inch.  The  valves  were  made  of  steel,  with  steel  seats  or  taps,  and 
were  competent  to  withstand  that  enormous  pressure.  If  in  the  case  of 
valves  standing  that  enormous  pressure  steel  was  used,  why  did  engineers 
generally  use  gun-metal  ?  Again,  had  Mr.  Wormald  considered  the 
relative  advantages  of  a  number  of  small  valves — six,  seven,  or  eight 
valves  in  one  bedplate,  as  against  one  large  valve  in  the  case  of  a  large 
ram,  say  20  inches  in  diameter  or  larger  ?  He  did  not  see  why  the 
valve  shown  in  Fig.  21  (Plate  VIII.)  should  be  more  suitable  for  a  high 
lift  than  the  valve  shown  in  Fig.  13.  With  regard  to  guttapercha  seats 
he  had  found  them  suitable  for  heads  of  800  or  900  feet.  Guttapercha 
was  found  to  stand  severe  usage  for  a  long  time  very  economically. 

Mr.  Wormald  replied  that  gun-metal  was  perhaps  the  best  material 
for  the  beats  of  valves  for  the  pressures  dealt  with  in  his  paper,  but  it  was 
not  suitable  for  pressures  of  20  or  30  tons  per  square  inch — for  such 
pressure  the  best  hardened  steel  should  be  employed.  A  pressure  of 
20  or  30  tons  per  square  inch  would  crush  a  beat  made  of  ordinary 
gun-metal.  With  greater  pressures,  harder  metal  and  larger  beats  were 
needed.  A  series  of  valves  should  be  used  in  the  case  of  large  pumping 
machinery,  which  it  might  be  desirable  to  run  at  a  slow  speed.  In 
an  engine  equal  to  8  or  10  strokes  per  minute,  if  the  water-supply 
was  only  equal  to  1  stroke  per  minute,  and  they  wanted  to  keep  the 
engine  working  at  that  slow  speed,  there  was  no  objection  to  one  little 
valve  out  of  the  series  of  seven,  being  used  singly,  thereby  saving  the 
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other  valves  from  wear  and  tear.  The  valve  shown  in  Fig.  3  (Plate  VIII.) 
was  used  in  the  York  waterworks,  but  he  gave  the  preference  for  heavy 
work  to  the  valve  shown  in  Fig.  21. 

Mr.  T.  W.  H.  Mitchell  said  in  several  of  the  valves  the  guttapercha 
or  leather  was  attached  to  the  lift  and  not  on  the  seat.  Was  there  any 
special  reason  for  this  arrangement?  Many  brass  valves  were  working 
satisfactorily  with  guttapercha  fixed  into  the  seat,  working  at  a  head  of  900 
feet.  Was  there  any  practical  advantage  in  having  the  joint-making 
substance  placed  in  the  lift  instead  of  in  the  seat  ? 

Mr.  Wormald,  in  reply,  said  one  advantage  was  that  the  valve  could 
be  easily  taken  out,  whereas  the  seat  of  the  valve  shown  in  Fig.  13  was 
more  difficult  to  take  out  and  repair.  If  the  guttapercha  wore  away  the 
whole  valve  must  be  taken  out  and  turned  up  to  suit  the  valve-seat,  and 
the  valve  would  be  worn  gradually  by  having  to  repair  it  in  that  way  ; 
whereas  if  the  seat  of  the  valve  shown  in  Fig.  21  wore  away  it  could  be 
replaced,  and  the  whole  valve  remained  as  good  as  when  it  was  put  in. 

Mr.  A.  Lupton  moved  that  a  vote  of  thanks  be  accorded  to  Mr. 
Wormald  for  his  paper. 

Mr.  E.  W.  Thirkell  seconded  the  motion,  which  was  carried 
unanimously. 


Mr.  R.  Routledge  read  the  following  paper  on  "The  Garforth 
Collieries,  with  special  reference  to  the  Failures  of  the  Tubbing  and 
Inundations  which  occurred  in  1872  and  1883  "  :  — 
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THE  GARFORTH  COLLIERIES,  WITH  SPECIAL  REFERENCE 
TO  THE  FAILURES  OF  THE  TUBBING  AND  INUNDA- 
TIONS WHICH  OCCURRED  IN  1872  AND  1883. 


By  ROBERT  ROUTLEDGE. 

The  Garforth  collieries  are  on  the  Partington  estate,  situate  7  miles 
east  of  Leeds,  and  connected  by  a  private  line  to  the  North  Eastern  Rail- 
way. The  coal- bearing  strata  on  the  estate  extend  over  an  area  of  from 
5,000  to  6,000  acres.  The  seams  of  coal  which  crop  out  in  the  northern 
portion  of  the  property  dip  at  a  considerable  angle  towards  the  south. 
In  former  years,  and  long  before  the  existence  of  railways,  many  shallow 
pits  were  sunk,  from  which  the  coal  was  worked  to  supply  local  require- 
ments. The  coal-seams  which  have  already  been  proved  comprise  the 
following 


Ft. 

Ins. 

Firthfield  or  brown  metal 

3 

6 

Middleton  little  or  hard  band... 

5 

2 

Middleton  main  or  bright  coal 

4 

6 

Barcelona  or  blocking  coal 

2 

0 

Beeston  bed 

5 

0 

Total  thickness  of  coal      20      2 

It  is  expected  that  the  black  bed  and  better  bed  coal-seams  will  be 
found  below  the  Beeston  seam,  as  they  have  been  proved  at  the  Mickle- 
field  colliery,  the  former  at  210  feet  and  the  latter  at  270  feet  below  the 
Beeston  coal-seam. 

Immediately  below  the  bright  coal-seam  is  found  the  water-bearing 
stratum,  which  consists  of  a  thick  bed  of  sandstone,  much  broken  up  by 
gullets,  and  full  of  water.  This  bed  is  about  120  feet  thick,  and  is 
believed  to  thicken  towards  the  south,  the'Beeston  coal-seam  being  180 
feet  below. 

A  considerable  area  of  the  Firthfield,  hard  band,  and  bright  coal- 
seams  have  been  worked  by  the  old  pits  already  referred  to,  but  as  the 
workings  extended  to  the  dip,  the  appliances  of  the  period  were  unable  to 
cope  with  the  large  quantities  of  water  met  with,  and  they  were  then 
abandoned.  Up  to  this  time  the  mines  were  drained  by  means  of  a 
water-level  adit,  which  was  driven  from  the  bottom  of  the  Firthpit  field 
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for  a  distance  of  2  miles,  where  it  discharged  into  the  Kippax  beck,  a 
feeder  of  from  1,000  to  1,500  gallons  of  water  per  minute.  This  water- 
level  is  in  use  to  the  present  day,  and  keeps  the  sandstone  feeder  a  little 
below  the  top  of  the  tubbing  in  the  Sisters'  shaft. 

In  order  to  prevent  the  dip  workings  from  being  flooded  by  infiltration 
from  the  outcrop  a  water-level  drift,  running  from  east  to  west,  was  also 
constructed  at  great  expense  ;  it  carries  off  all  surface-water,  and  is  still 
in  fairly  good  order. 

Two  shafts  were  sunk,  the  Isabella  shaft  in  1833,  and  the  Sisters'  shaft 
in  1843,  through  the  water-bearing  stratum  to  the  Beeston  bed,  and  the 
feeders  were  tubbed  off.  The  Sisters'  shaft  is  495  feet  deep,  and  is 
tubbed  for  a  length  of  255  feet  through  the  sandstone,  commencing  at  a 
depth  of  120  feet  from  the  surface,  and  terminating  at  a  height  of  120 
feet  above  the  Beeston  coal-seam.  It  is  equipped  with  a  beam  winding- 
engine,  with  a  vertical  cylinder  32  inches  in  diameter  and  5  feet  stroke, 
and  two  flat-rope  drums.  This  engine  formerly  drew  coals  during  the 
day,  and  at  night  it  was  coupled  to  a  pumping-beam  attached  to  a  set  of 
spears  working  a  column  of  pumps,  with  a  bucket  15  inches  in  diameter,- 
raising  water  from  the  lodgment  at  the  bottom  of  the  shaft  to  a  water- 
level  60  feet  above,  along  which  the  water  flowed  to  the  Isabella  shaft, 
where  it  was  raised  to  the  surface  by  the  main  pnmping-enginc  at  that 
pit.  This  engine  is  now  used  only  for  winding  coals,  the  pumping  being 
done  by  another  engine. 

The  Isabella  shaft  is  429  feet  deep,  and  is  tubbed  for  a  height  of 
165  feet,  commencing  at  a  depth  of  120  feet  from  the  surface,  and 
ending  at  a  height  of  144  feet  above  the  Beeston  coal-seam.  It  was 
provided  with]: a  beam  winding-engine,  with  a  vertical  cylinder  30 
inches  in  diameter  and  4£  feet  stroke,  spur-gearing,  and  two  flat- 
rope  drums.  In  November,  1891,  this  engine  was  replaced  by  an 
horizontal  engine  with  two  cylinders,  each  20  inches  in  diameter  and 
3^  feet  stroke,  and  a  flat  drum  12  feet  in  diameter.  The  writer 
has  already  remarked  that  there  was  a  main  pumping-engine  at  this 
shaft  for  dealing  with  the  mine-feeders ;  this  engine  has  a  vertical 
cylinder  52  inches  in  diameter  and  1\  feet  stroke  ;  there  are  three 
beams,  one  from  the  cylinder  to  the  crank-shaft,  and  two  from  the 
spur-wheel  shaft  to  the  pump-spears  in  the  shaft.  There  are  twin  sets 
of  pumps,  the  lower  having  a  bucket-lift  14^  inches  in  diameter,  and 
the  upper  a  forcing-set  with  a  ram  14  inches  in  diameter. 

The  tubbing  in  the  Sisters'  shaft  appears  to  have  been  originally 
|  inch  thick,  and  of  an  ecmal  thickness  from  top  to  bottom  ;  the  segments 
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being  2  feet  deep  by  3  feet  10|  inches  long-,  strengthened  by  one  bracket, 
and  nine  to  the  circle.  (Figs.  1,  2,  and  3,  Plate  IX.)  This  tubbing 
had  not  been  very  skilfully  placed  in  position,  many  of  the  closing  joints 
of  wood  being  from  3  to  i  inches  thick. 

On  December  27th,  1872,  a  portion  of  one  of  the  joints  of  the 
tubbing  in  the  Sisters'  shaft  was  blown  out,  and  the  water  rushed  into 
the  pit  in  enormous  quantities,  completely  overpowering  the  pumping- 
engine,  and  the  mine  was  speedily  flooded.  Owing  to  the  heavy  pressure 
of  water,  the  greatest  difficulty  was  found  in  approaching  the  leak. 
Many  methods  were  tried,  but  it  was  not  until  the  level  of  the  water 
behind  the  tubbing  had  been  greatly  reduced  that  it  was  stopped.  This 
was  accomplished  by  forming  a  temporary  platform  across  the  shaft ; 
upon  this  was  firmly  secured  a  hydraulic-jack  which  forced  a  narrow 
metal  segment  against  the  breach,  and  this  was  kept  in  position  until 
the  circle  of  the  shaft  was  completed  and  wedged  tight.  By  this  time 
the  water  had  risen  to  within  a  few  feet  of  the  breach.  The  workings 
of  both  pits  were  completely  submerged,  and  their  draining  was  a  long 
.and  expensive  process.  The  work  was,  however,  executed,  and  the  pits 
resumed  work  in  the  latter  part  of  1873. 

In  1879,  a  system  of  longwall  working  was  introduced;  after  about 
4  acres  of  coal  had  been  worked,  the  roof  weighted  very  heavily,  a  break 
occurred  which  evidently  reached  the  bottom  of  the  sandstone,  and  a 
large  feeder  of  water  broke  away,  overpowering  the  pumping-engine  at 
the  Sisters'  pit,  and  flooding  the  mine.  The  water  gradually  rose  in  the 
shaft,  and  finally  passed  along  the  water-level  drift  to  the  Isabella  shaft, 
where  it  was  pumped  to  the  surface ;  this  engine  was  fortunately  just 
able  to  deal  with  its  own  and  the  additional  influx  of  water,  and  thus 
prevented  the  flooding  of  the  Isabella  pit.  After  running  for  some 
months,  the  water-feeder  gradually  diminished  so  as  to  permit  of  the 
workings  of  the  Sisters'  pit  being  drained,  and  work  was  resumed. 

Another  longwall  district  of  working  was  commenced  later,  and 
precisely  the  same  event  occurred,  the  workings  of  the  Sisters'  pit  being 
again  flooded. 

In  1881,  the  owners  were  advised  to  erect  an  independent  pumping- 
engine  at  the  Sisters'  pit,  capable  of  dealing  with  the  water-feeders  at 
this  pit,  arid  of  assisting  the  main  pumping-engine  at  the  Isabella  pit, 
if  required.  The  writer  became  manager  of  the  collieries  in  August, 
1881,  and  the  work  was  carried  out  under  his  supervision.  A  Hathorn- 
Davey  differential  condensing  pumping-engine  was  erected,  capable 
of   raising  630  gallons  of  water  per  minute  from  a  depth  of  540  feet 
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to  the  surface.  The  engine  was  placed  in  a  suitable  chamber  prepared 
in  the  side  of  the  shaft  near  the  entrance  of  the  old  water-level.  A 
staple  was  sunk  to  the  Beeston  lodge  or  water-standage  so  as  to  be 
quite  independent  of  the  working-shaft.  The  cylinder  of  this  engine 
is  86  inches  in  diameter  by  6  feet  stroke,  working  two  double-acting 
ram-pumps  ;  and  also  by  means  of  two  quadrants,  working  two  bucket- 
pumps,  12.j  inches  in  diameter,  placed  in  the  staple,  by  which  the 
water  is  raised  to  a  tank  in  the  engine-house,  whence  it  is  forced  to  the 
surface  by  the  ram-pumps. 

After  the  Sisters'  pit  workings  were  cleared  from  water,  they  were  put 
into  order,  extended,  and  the  output  from  the  two  pits  increased  from 
85,000  tons  in  1873  to  104,000  tons  per  annum.  After  the  inundation 
of  the  workings  in  1872  the  owners  saw  how  necessary  it  was  to  have  a 
shaft  near  the  outcrop,  at  which  coal  could  be  wrought  in  cases  of  emer- 
gency. The  Lily  pit  was  sunk  to  the  Beeston  seam  in  June,  1875  ;  it  is 
fitted  up  with  a  winding-engine,  boilers,  heapstead,  etc.,  and  has  been 
found  very  useful  on  the  occasions  when  the  other  pits  were  flooded 
in  1881  and  1883. 

On  March  8th,  1883,  at  9  a.m.,  without  any  warning  or  indication  of 
weakness,  the  tubbing  in  the  Sisters'  shaft  suddenly  collapsed  at  a  depth 
of  336  feet  from  the  surface,  216  feet  from  the  top  of  the  tubbing,  and  a 
feeder  of  water,  estimated  at  4,000  gallons  per  minute,  rushed  into  the  pit. 
The  men  and  horses  were  taken  out  by  the  Isabella  shaft,  and  the  whole 
of  the  Sisters'  pit  workings  were  quickly  drowned  out ;  the  water  also 
rapidly  made  its  way  into  the  workings  of  the  Isabella  pit,  and  in  a  few 
days  the  whole  of  the  workings  were  under  water,  which  commenced  rising 
up  the  shafts.  On  examining  the  breach  it  was  found  that  an  irregular 
hole,  of  about  1 60  square  inches  in  area  had  been  broken  out  of  one  of 
the  segments  (Fig.  1,  Plate  IX.).  Strenuous  efforts  were  made  to  stop 
the  breach  by  means  of  iron  plates,  plugs,  etc.,  but  the  metal  was  deterior- 
ated and  the  edges  kept  breaking  away.  In  the  meantime,  the  apparatus 
shown  in  Figs.  7  and  8  (Plate  IX.)  was  prepared  :  it  consisted  of  a 
duplex  lever,  the  extended  arms  being  fitted  with  right  and  left-hand 
screws,  iron  plates  of  the  same  radius  as  the  shaft-tubbing  being  fixed  at 
the  ends  A  and  B  ;  these  plates  were  4  feet  long,  3  feet  deep,  and  l£ 
inches  thick,  and  were  covered  with  a  thick  indiarubber  pad.  The 
apparatus  was  brought  opposite  to  the  breach,  the  screw  was  turned,  and 
forced  the  iron  plates  against  the  hole.  The  pressure  and  volume  of  the 
issuing  water,  however,  was  so  great  that  at  first  the  indiarubber  was  ripped 
up  like  paper  ;  ultimately  it  was  protected  by  copper  wire-netting.     On 
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the  second  trial,  the  apparatus  was  screwed  up  and  the  pad  forced  securely 
against  the  breach.  At  first  the  pad  appeared  to  be  perfectly  successful, 
but  unfortunately  the  pressure  of  the  screw  had  forced  back  and  cracked 
the  adjoining  segments  of  tubbing,  and  the  appliances  had  to  be  abandoned. 
By  this  time  the  water  had  risen  to  the  level  of  the  Hathorn-Davey  pump- 
ing-engine,  which  was  very  quickly  submerged,  and  the  water  continuing 
to  rise  gradually  up  the  shafts,  nothing  further  could  then  be  done.  This 
plan  of  stopping  the  breach  would  have  been  perfectly  successful,  but  for 
the  giving  way  of  the  adjoining  segments  of  the  tubbing,  the  cause  of 
which  will  be  afterwards  explained. 

A  scheme  was  then  prepared  for  the  unwatering  of  the  collieries  and 
the  re-tubbing  of  the  Sisters'  shaft,  which  met  with  the  sanction  and 
approval  of  the  owners,  and  was  ultimately  carried  to  a  successful 
issue. 

It  was  decided  to  keep  the  main  pumping-engine  at  the  Isabella  pit 
running  to  the  full  extent  of  its  capacity  ;  to  fit  up  and  attach  to  the 
Sisters'  pit  winding-engine  a  lifting  set  of  pumps  20  inches  in  diameter 
to  be  slung  in  the  shaft ;  and  to  equip  the  Isabella  and  Lily  pits  with  tanks 
for  drawing  water  to  the  utmost  power  of  each  winding-engine.  These 
tanks  were  fitted  with  automatic  filling  and  delivery-arrangements  so  as  to 
require  as  little  labour  as  possible.  With  these  appliances  2,200  gallons 
of  water  per  minute  could  be  raised,  a  quantity  somewhat  in  excess  of 
the  sandstone  feeder. 

While  this  work  was  in  progress  preparations  were  made  to  take  out 
and  renew  the  tubbing.  The  upper  portion  yet  uncovered  by  water  was 
found  to  be  strong  and  sound,  and  it  was  decided  to  commence  with  the 
new  tubbing  99  feet  below  its  top  :  no  crib  bed  being  available,  the  follow- 
ing method  was  adopted  to  carry  the  99  feet  of  old  tubbing.  No.  1 
segment  of  the  ring  of  tubbing  was  taken  out,  two  holes  1^  inches  in 
diameter  were  drilled  3  feet  deep  into  the  stone,  and  two  iron  pins  or 
dowels  were  driven  firmly  into  the  holes,  closely  adjacent  to  the  bottom 
of  the  upper  segment  of  the  tubbing.  No.  2  segment  was  then  removed, 
and  two  similar  pins  were  inserted,  and  so  on  until  the  entire  ring  of  tub- 
bing was  removed ;  and  the  weight  of  the  99  feet  of  old  tubbing  was 
found  to  be  safely  and  effectually  carried  by  the  pins  or  dowels. 

By  this  time,  the  combined  efforts  of  the  pumping  and  winding-engines 
were  taking  effect,  the  water  being  slowly  reduced.  As  the  water  lowered, 
the  old  tubbing  was  removed,  a  bed  secured,  a  wedging-crib  inserted,  and 
the  new  tubbing  carried  up  to  the  first  tier,  which  was  supported  by  the 
iron  pins,  making  the  shaft  perfectly  safe  to  this  point. 
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The  tubbing  put  into  the  Sisters'  pit  in  1883  consists  of  segments  4 
feet  1|  inches  long,  2  feet  deep,  4  inches  on  the  bed,  and  1|  inches  thick. 
Between  both  horizontal  and  vertical  joints,  yellow-pine  sheeting  \  inch 
thick  was  inserted  ;  this  was  afterwards  filled  with  red-pine  wedges. 
The  wedging-cribs  were  6  inches  deep  and  20  inches  on  the  face  ;  two 
segments  in  each  wedging-crib  were  fitted  with  valves,  and  stand-pipes 
were  carried  from  one  length  to  the  other,  to  carry  away  any  air  that 
might  have  been  accumulated.  Behind,  each  wedging-crib  was  glutted 
with  wood,  filled  full  of  wedges,  and  thin  concrete  was  run  in  so  as  to 
close  any  small  cavities  still  remaining.  As  the  segments  were  put 
on,  they  were  properly  stayed  behind  with  wood,  to  the  circle  of  the  pit, 
and  concrete  was  run  in  composed  of  limestone,  marl,  and  cement. 

The  position  of  the  old  breach  of  1872  was  reached  on  August,  1883. 
The  tubbing  was  found  to  be  sound  and  in  fairly  good  condition,  but  the 
ground  behind  the  tubbing  was  found  to  be  hollow,  and  so  far  as  could  be 
ascertained,  the  tubbing  had  not  been  properly  packed  and  stayed.  The 
shaft  was  found  to  be  in  this  condition  down  to  and  below  the  point  where 
the  tubbing  burst  on  March  8th,  1883.  The  point  of  fracture  was  just 
above  the  Barcelona  coal-seam  and  the  cause  of  the  failure  of  the  tubbing 
and  the  giving  way  of  the  segments  under  the  pressure  of  the  screw  and 
plates  was  clearly  demonstrated.  In  the  seam  and  for  a  short  distance  above 
and  below  it,  the  back  of  the  old  tubbing  was  found  to  be  extensively 
corroded,  the  metal  was  soft,  in  some  places  the  thickness  was  about  \ 
inch,  the  point  of  a  pick  could  be  easily  driven  through  it,  and  the  tub- 
bing appeared  as  if  it  had  been  submitted  to  the  action  of  an  acid  water. 

At  the  Barcelona  coal-seam,  an  immense  quantity  of  soft  debris  had 
been  washed  out,  a  space  being  formed  in  some  places  at  least  20  feet  wide. 
Fortunately  there  was  a  wedging-crib  just  below,  and  after  spiling  behind 
it  with  timbers  to  hinder  it  from  shifting,  a  lift  of  tubbing  was  speedily 
inserted,  and  the  cavity  filled  with  cement  concrete.  The  size  of  the  open- 
ing may  be  gathered  from  the  fact  that  150  tons  of  concrete  were  used.  It 
may  be  remarked  that  had  the  tubbing  been  properly  backed  with  concrete 
or  other  material  past  this  seam,  the  fracture  could  not  have  taken  place. 

Below  this  point  the  water-feeder  was  collected  in  pipes,  and  run  into 
the  shaft,  as  circle  by  circle  of  the  tubbing  was  taken  out,  until  the  main 
crib-bed  was  reached.  This  crib-bed  was  perfect  and  tight,  and  the 
tubbing  was  closed  and  made  secure  on  September  20th,  1883. 

One  or  two  matters  of  interest  may  be  mentioned,  viz.,  the  slinging 
of  the  20-inches  set  of  pumps  in  the  Sisters'  shaft  was  done  without  the  use 
of  ground-crabs,  the  pumps  being  suspended  by  rods  screwed  at  the  upper 
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ends.  When  a  depth  of  270  feet  had  been  reached  it  was  found  that  the 
limit  of  the  power  of  the  engine,  with  20  inches  pumps,  had  been  reached. 
A  diminishing  piece  was  thereupon  fixed,  15  inches  pumps  were  attached, 
and  pumping  was  continued  until  the  water  was  lowered  below  the  level 
of  the  Hathorn-Davey  pumping-engine  chamber.  The  length  of  the  sett 
was  360  feet,  probably  the  greatest  depth  at  which  a  lifting-sett  had 
ever  been  worked. 

When  the  Hathorn-Davey  pumping-engine  was  uncovered,  and  the 
water  run  off,  it  was  found  uninjured,  although  slightly  coated  with 
mud,  and  commenced  working  as  soon  as  steam  was  turned  on. 

The  time  occupied  by  all  these  operations  extended  over  twenty-three 
weeks,  and  the  pits  to  the  rise  began  drawing  coals  on  September 
12th,  1883. 

The  roads  and  workings  were  much  damaged  by  the  water,  and  it 
was  some  time  before  the  output  reached  the  quantity  raised  previous 
to  the  stoppage,  viz.,  104,000  tons  per  annum.  In  1884,  the  output 
was  92,000  tons;  in  1885,  138,000  tons;  and  in  1894,  250,000  tons, 
or  2|  times  the  output  at  the  time  the  writer  took  charge  of  the  collieries. 

In  the  Isabella  shaft,  tubbing  was  inserted  in  a  similar  fashion  to  that 
in  the  Sisters'  shaft — there  are  four  thick  rings  of  wooden  sheeting. 
On  February  7th,  1887,  during  a  very  keen  frost  a  piece  of  the  sheeting 
blew  out,  16  inches  long  by  3  inches  thick,  in  exactly  the  same  manner 
as  in  the  case  of  the  Sisters'  shaft  in  1872.  Owing  to  the  great  pressure 
of  water  it  was  impossible  to  face  it.  Wooden  battens,  8  inches  by  3 
inches,  were  with  great  difficulty  forced  into  the  hole,  and  the  inflow 
was  stopped  in  two  hours.  After  this  occurrence,  wooden  cribs  were 
placed  inside  the  shaft  in  front  of  the  thick  sheeting,  and  since  then 
there  has  been  no  further  trouble  with  the  joints. 


Mr.  A.  Luptox  (Leeds)  said  that  having  managed  an  adjoining  colliery 
where  4,000  gallons  of  water  per  minute  had  been  raised  for  some  time,  he 
knew  what  difficulties  nature  could  put  in  the  way  of  the  production  of 
coal.  According  to  the  rules  laid  down  in  Mr.  G-reenwell's  treatise  on 
Mine  Engineering,  the  tubbing  at  Garforth  collieries  ought  to  have  been 
1  inch,  or  a  little  more,  in  thickness,  whereas  it  had  been  only  £  inch 
thick,  so  that  their  predecessors  had  not  erred  on  the  side  of  safety. 

Mr.  John  Gerrard  (H.M.  Inspector  of  Mines,  Manchester),  said 
that   Mr.  Routledge's  paper  was  a  thoroughly  practical   account  of  the 
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means  adopted  to  overcome  difficulties  which  had  also  arisen  at  other 
collieries,  and  it  would  be  very  valuable  for  reference.  There  was  a 
considerable  depth  of  tubbing  in  the  two  shafts  at  Shireoaks  colliery,  and 
more  than  one  failure  of  segments  of  tubbing  had  occurred.  It  would 
be  interesting  if  some  one  would  describe  the  occurrence  and  mode  of 
dealing  with  the  fractures  of  the  tubbing  at  the  Shireoaks  colliery. 

Mr.  Routledge  said  that  at  Ryhope  colliery,  where  they  had  the 
greatest  depth  of  tubbing  of  any  colliery  in  the  North  of  England,  4  inches 
of  wooden  sheeting  had  been  inserted ;  it  had  been  blown  out  on  several 
occasions,  and  metal  was  inserted  instead.  The  circumstances  were,  how- 
ever, somewhat  different,  as  at  Ryhope  the  wedging-cribs  were  placed  at 
intervals  of  60  feet.  When  the  accident  occurred  at  Garforth  colliery, 
none  of  the  wedging-cribs  were  tight,  and  the  entire  pressure  of  water 
had  to  be  overcome.  At  Ryhope  colliery,  where  wedging-cribs  were  put 
in,  the  pressure  was  not  greater  than  that  between  two  wedging-cribs. 

Mr.  W.  E.  Garforth  (Normanton)  said  it  would  be  interesting  if, 
in  addition  to  the  sketches  of  tubbing  Mr.  Routledge  would  append  to 
his  paper  the  actual  dimensions  and  thicknesses  of  the  tubbing,  and 
describe  the  kind  and  size  of  the  wedges,  and  other  matters  of  detail, 
which  made  all  the  difference  between  success  and  failure  in  an  import- 
ant matter  of  this  kind.  Could  he  also  append  a  short  account  of  how 
he  dealt  with  the  cavities  behind  the  tubbing,  and  the .  sort  of  filling 
used  ;  and  whether  means  had  been  taken  for  preventing  corrosion  of  the 
tubbing  by  Dr.  Angus  Smith's  composition  or  any  other  method,  and 
what  means  he  took  to  discover  the  weak  tubbing  (as  the  strength  of  the 
tubbing  was  only  equal  to  the  weakest  segment).  Had  the  water  been 
analysed  ?* 

The  President  said  that  wooden  cribs  were  placed  inside  the  shaft, 
and  asked  whether  metal  would  not  have  been  better  ? 

Mr.  Routledge  (Garforth  colliery)  said  he  thought  not.  The 
wooden  cribs  were  18  inches  thick,  set  with  cement  behind,  and  they 
became  like  a  stone  wall.  The  wooden  cribs  referred  to  were  put  in  the 
Isabella  shaft,  in  front  of  some  thick  sheeting,  to  prevent  a  similar  occur- 
rence as  that  which  occurred  in  the  Sisters'  shaft  in  1872.  The  tubbing 
was  now  1|  inches  in  thickness,  and  was  well  protected  at  the  back. 
When  they  came  up  with  a  length,  from  one  wedging-crib  to  another, 
instead  of  inserting  a  thick  wooden  sheet  a  metal  closer  was  put  in,  the 
joint  was  filled  with  \  inch  sheeting  between  the  vertical  and  horizontal 
joints,  filled  in  with  wooden  wedging.  All  the  tubbing  was  backed  with 
*  Mr.  Routledge  has  made  these  suggested  additions  to  his  paper. 


42  DISCUSSION — THE    GARFORTH   COLLIERIES. 

concrete.  He  had  a  piece  of  tubbing  ^  inch  thick,  and  a  lump  of  sand- 
stone weighing  about  28  pounds  that  had  come  through  a  hole  in  the 
tubbing. 

Mr.  Nash  asked  what  was  the  thickness  of  strata  between  the  sand- 
stone and  the  coal  ? 

Mr.  Routledge  replied  that  it  was  180  feet.  He  added  that  every 
segment  of  the  tubbing  was  tried  and  tested,  and  140  pieces  were 
rejected. 

Mr.  Lupton  asked  whether,  since  this  breakdown,  any  pillars  had 
been  taken  out  or  any  longwall  worked,  and  whether  any  other  break- 
downs had  occurred  ? 

Mr.  Routledge  said  that  all  the  workings  were  upon  the  bord-and- 
pillar  system  since  the  occurrence  described  in  his  paper.  A  large 
quantity  of  coal  had  been  worked  out  without  any  break"  whatever.  The 
largest  break  was  accompanied  with  a  feeder  of  320  gallons  per  minute 
in  the  dip  workings.  The  compressed-air  pumping  plant  was  carried  to 
the  face  of  the  workings,  otherwise  the  colliery  would  have  been  drowned 
out  on  two  or  three  occasions. 

Mr.  A.  M.  Chambers  (Thorncliffe  Collieries)  moved  a  vote  of  thanks 
to  Mr.  Routledge  for  his  paper. 

Mr.  J.  Gerrard  seconded  the  motion. 

The  vote  of  thanks  was  agreed  to,  and  briefly  acknowledged  by  Mr. 
Routledge. 


The  following  paper  by  the  President  (Mr.  John  Nevin),  on  "  The 
Mexican  or  Patio  Process  of  reducing  Silver  Ores,"  was  then  read  : — 
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THE  MEXICAN  OR  PATIO  PROCESS  OF  REDUCING 
SILVER  ORES. 


By  JOHN  NEVIN. 


Introduction. 

The  modern  methods  of  treating  silver  as  well  as  gold  ores  have  been 
described  in  several  very  able  papers  read  before  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers  by  Mr.  A.  G.  Charleton* 
and  by  Mr.  C.  A.  Stetefeldt,t  but  the  writer  having  just  returned  from  a 
third  visit  to  Mexico,  has  thought  that  some  description  of  the  method 
by  which  the  greater  part  of  the  silver  ores  worked  in  that  country  have 
been  for  three  centuries,  and  to  a  great  extent  are  yet  reduced,  might 
be  of  interest  to  the  members. 

Unfortunately,  at  present,  silver  seems  to  be  rapidly  approaching  the 
point  of  little  value  that  it  at  one  time  reached  in  Judea,  1  Kings  xi.,  2] 
(it  was  nothing  accounted  of  in  the  days  of  Solomon),  but  in  Mexico  and 
some  parts  of  the  United  States  of  America  its  production  is  still  one  of 
the  chief  industries. 

Mexico  is  the  second  largest  silver-producing  country  in  the  world, 
the  United  States  of  America  coming  first.  The  greater  part  of  the 
silver  and  gold  obtained  in  Mexico  is  coined  at  the  various  mints  there. 
It  is  estimated  that  since  the  establishment  of  these  mints  in  1 537,  for 
350  years  up  to  July,  1887,  the  total  coinage  has  been  as  follows  : — 

Gold.  Silver.  Copper. 

Years.  Dollars.  Dollars.  Dollars. 

Colonial  epoch— 1537-1821  ...  284  ...  68.778,411   ...  2,082,260,656  ,..      542,893 

Independence— 1822-1873    ...     52  ...  45,598,020  ...      758,822,054  ...  5,235,177 

Republic— 1873-1887  ...     14  ...     8,045,749  ...      323,883,608  ...      203,296 


Totals       350       122,422,180        3,164,966,318        5,981,366 

The    production  since  then  has  shown   a  steady  increase,  and  is 
estimated  to  have  been — 

*  Trans.  Fed.  Inst.,  vol.  iv.,  pages  233  and  351  ;  vol.  v.,  page  271 ;  vol.  vi.,  pages 
69,  295,  and  457 ;  and  vol.  vii.,  page  67. 
f  Trans.  Fed.  Inst.,  vol.  viii.,  page  93. 
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Gold. 

Dollars. 

Silver. 
Dollars. 

1,031,000 
1,040,000 
1,100,000 
1,150,000 

34,912,000 
40,706,000 
41.500,000 
43,000,000 

1,275,000 

45,750,000 

1887-8 

1888-9 

1889-90 

1890-1 

1891-2 


Totals      5,596,000  205,868,000 

The  world's  production  for  the  same  period  is  estimated  as  follows : 


1887 
1888 
1889 
1890 
1891 


Gold. 
Dollars. 

105,774.955 

110,196,915 

120,971,514 

120,475,300 

125,299,700 


Silver. 
Dollars. 

124,280,978 

140,706,413 

158,759,468 

173,743,000 

185,599,600 


Totals     ...    582,718,384        783,089,459 

For  these  five  years,  therefore,  Mexico  produced  0-96  per  cent,  of  the 
gold  and  26*29  per  cent,  of  the  silver  output  of  the  whole  world.  These 
values  for  the  last  five  years  are  estimated  in  United  States  currency,  and 
are  taken  from  The  Mineral  Industry  ....  in  the  United  States 
.     .     .     1892. 

Most  of  the  silver-mines  in  Mexico  are  situated  on  the  great  plateau 
or  table-land  which  occupies  the  greater  part  of  the  interior  of  that 
country,  reaching  from  latitude  19  degs.  north  to  the  boundary-line  of 
the  United  States  of  America  at  latitude  32  degs.  north ;  or  in  the  hills 
which  border  it.  This  plateau  varies  from  5,000  to  6,000  feet  above  sea- 
level,  and  the  hills  rise  to  from  7,000  to  10,000  feet,  especially  on  the 
west,  where  they  form  the  Sierra  Madre,  a  continuation  of  the  chain  of 
the  Rocky  Mountains.  Its  climate  is  sub-tropical,  the  greater  part  of  it 
being  called  tierra  templada  or  temperate  land,  to  distinguish  it  from  the 
tierra  caliente,  the  hot  land  near  the  coast.  The  rainfall  is  small,  from 
12  to  16  inches  per  year,  and  this  nearly  all  falls  in  the  three  months 
from  June  to  September,  a  shower  in  any  other  of  the  nine  months  being 
of  rare  occurrence.  The  heat  in  the  middle  of  the  day  will  sometimes 
reach  80  or  90  degs.  Fahr.  in  the  shade,  but  the  nights  are  always  cool, 
and  in  winter  sometimes  frosty. 

Owing  to  the  small  rainfall  and  its  unequal  distribution  the  bulk  of 
the  plateau  for  the  greater  part  of  the  year  is  practically  desert-land. 
Part  of  it,,  however,  is  ploughed  and  a  crop  taken  off  after  the  rainy 
season.  In  the  river  valleys  where  water  is  obtainable  for  irrigation,  or 
where  reservoirs  have  been  made  in  the  hills  to  store  it  for  that  purpose, 
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crops  can  be  grown  nearly  all  the  year  round ;  but  this  is  a  very  small 
fraction  of  the  whole,  and,  except  in  the  mountains  where  oak  and  pine 
timber  grow,  the  rest  of  the  country  is  bare  of  wood  and  covered  over 
with  small  mesquite  scrub  and  cactus  of  various  kinds. 

Although  coal  has  been  found  in  Sonora*  and  other  parts  of  the 
country  it  has  up  to  the  present  only  been  worked  on  a  commercial  scale 
in  the  state  of  Coahuila  and  that  only  within  the  last  few  years.  It  is 
only  within  the  last  ten  or  twelve  years  that  the  Mexican  Central  and 
International  Eailways  have  enabled  coal  to  be  be  imported  to  the  mining 
districts.  The  scarcity  of  water  and  fuel,  the  great  draAvback  of  Mexico, 
has  therefore  to  be  taken  into  account  in  choosing  any  process  for  treating 
the  ores. 

The  geology  is  very  varied  and  intricate :  igneous  action  has  been  both 
extensive  and  frequent.  In  the  states  of  Zacatecas  (about  Fresnillo  and 
Nieves),  and  in  part  of  Durango,  with  which  the  writer  is  personally 
acquainted,  the  prevailing  rocks  are  chiefly  clay-slates,  with  gritty  and 
calcareous  beds  among  them,  probably  of  Silurian  or  Devonian  age ;  the 
higher  hills  are  often  capped  with  a  porphyritic  granite  which  alters  the 
slates  at  the  point  of  contact,  and  dykes  and  veins  of  basalt  and  other 
volcanic  rocks  are  frequent. 

Further  north,  near  Symon  and  Torreon,  are  hills  of  a  compact  blue 
limestone  which  may  possibly  be  of  Carboniferous  age,  but  the  writer  has 
so  far  been  unable  to  find  any  fossils. 

Some  of  the  principal  mining  centres  are  Guanajuato,  in  the  state  of 
that  name ;  Catorce,  in  San  Luis  Potosi ;  Real  del  Monte,  near  Mexico 
City;  Zacatecas,  Sombrerete,  and  Fresnillo  in  the  state  of  Zacatecas; 
Parral,  in  Durango ;  and  the  Sierra  Mojada,  in  Coahuila,  where  much 
galena  is  found. 

Although  the  country  is  generally  almost  waterless  at  the  surface, 
water  is  generally  met  with  in  the  mines  at  a  depth  of  100  to  300  feet 
sometimes  in  large  quantities,  and  the  difficulty  of  dealing  with  it  by  the 
power  of  men  and  animals  only  (fuerza  de  sangre)  has  prevented  most  of 
the  mines  from  being  worked  much  below  water-level ;  when  additional 
railways  make  coal  cheaper  and  more  generally  available  there  will  be  a 
great  expansion  in  Mexican  mining. 

A  good  account  of  native  Mexican  mining  and  miners,  and  the  various 
difficulties  to  be  encountered,  is  given  in  Mr.  W.  H.  Glennie's  "Notes  on 

*  "  The  Coal-fields  of  Sonora,  Mexico,"  by  Mr.  J.  Overend,  Trans.  Fed.  Inst.,  vol. 
vii.,  page  230. 
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Mining  in  North  Mexico."*  There  are,  however,  many  mines  worked  by 
English,  American,  and  Mexican  companies  on  modern  systems  and  with 
good  machinery. 

The  ores  of  silver  found  comprise  nearly  every  variety. 

About  Zacatecas  native  silver,  stephanite,  brittle  or  antimonial  silver, 
argentite,  silver  glance  or  sulphide,  and  pyrargyrite  or  ruby  silver,  are 
found ;   some  of  these  ores  also  contain  gold. 

Near  Nieves  the  ores  are  oxidized  near  the  surface,  and  are  chiefly 
sulphide  or  antimonial  silver  at  lower  levels.  Native  silver  has  not  been 
found. 

Near  Symon  are  rich  mines  of  cerargyrite  or  chloride  of  silver,  and 
embolite  or  chloro -bromide  of  silver  in  limestone,  obtained  both  from 
veins  and  mantos  or  horizontal  layers.  Iodide  of  silver  has  also  been 
found. 

Argentiferous  galena  is  also  common,  and  is  of  great  importance  as 
helping  to  smelt  the  drier  ores. 

When  ores  are  sufficiently  rich  in  lead,  or  lead-ore  can  be  obtained  to 
mix  with  them,  and  fuel  is  available,  they  are  smelted,  but  by  far  the 
greater  portion  is  treated  by  amalgamation. 

The  patio  process  of  reduction  is  said  to  have  been  invented  in  1557 
by  Bartolome  de  Medina,  a  priest  of  Pachuca,  near  Mexico  City,  and  is 
first  mentioned  in  a  report  to  the  Viceroy  of  Mexico  by  Barrio  de 
Montalvo  in  1643. 

The  Patio  Process. 

The  ore  as  it  comes  from  the  mine  is  generally  sorted  near  the  top  of 
the  shaft,  and  broken  into  pieces  not  exceeding  the  size  of  a  hen's  egg. 
In  this  state  it  is  carried  to  the  hacienda  de  beneficio  or  reduction-works : 
these  consist  of  a  series  of  buildings  containing  the  various  machinery, 
stores,  etc.,  placed  round  one  or  more  large  stone-paved  courtyards  or 
patios  (Fig.  1,  Plate  X.).  The  ore  is  then  crushed  in  a  molino  or  mill; 
usually  this  is  in  the  form  of  a  Chilian  wheel,  consisting  of  a  circular 
stone-paved  dish  about  6  to  12  inches  deep,  and  10  to  12  feet  in  diameter, 
with  a  wooden  or  stone  post  in  the  centre  3  to  5  feet  high.  To  this  is 
pivoted  a  horizontal  shaft  or  axle  on  which  runs  a  vertical  stone  roller, 
6  to  10  feet  in  diameter  and  12  to  18  inches  wide  ;  the  outer  end  of  the 
shaft  projects  beyond  the  circular  path  of  the  roller  and  one  or  more  mules 
or  horses  are  harnessed  to  it,  and  by  going  round  in  a  circle  cause  the 
roller  to  crush  the  ore.  One  of  these  mills  with  nine  mules,  working  three 
at  a  time  for  three  hours,  will  crush  about  6  tons  in  twenty-four  hours, 
*  Trans.  Fed.  Inst.,  vol.  i.,  page  39. 
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or  one  with  a  cast-iron  bottom  will  crush  8  tons,  but  the  presence  in  the 
latter  case  of  metallic  iron  in  the  crushed  ore  is  said  sometimes  to 
interfere  with  the  reduction.  Occasionally  a  stamp-mill  is  used,  generally 
of  eight  stamps,  with  wrought-iron  heads  and  wooden  sterns,  driven  by 
spur-wheels,  actuated  by  mules  or  horses.  A  mill  of  this  kind  driven  by 
twelve  mules,  three  at  a  time,  will  crush  4  to  6  tons  in  twenty-four 
hours,  and  for  labour  will  require  in  that  time  two  arreadores  or  drivers, 
and  five  or  six  boys  to  feed  and  carry  away  the  ore. 

The  granza,  or  crushed  ore  from  the  stamps  is  then  taken  to  the 
arrastras  or  tahonas,  where  water  is  added.  These  consist  of  a  circular 
stone  pavement  about  12  feet  in  diameter,  round  which  is  a  curb  of  wood 
or  stone  forming  a  water-tight  tub  about  2  feet  deep :  in  the  middle  is  a 
block  of  wood  or  stone  containing  a  footstep  in  which  works  the  iron 
pivot  on  the  foot  of  an  upright  shaft,  the  top  of  which  is  carried  by  a 
journal  on  a  horizontal  beam.  This  upright  shaft  carries  two  or  four 
horizontal  arms  to  the  outside  ends  of  which  mules  or  horses  are 
harnessed,  and  from  each  of  these  is  hung,  by  two  cords  or  chains,  a 
voladero  or  runner  of  stone,  3  to  4  feet  long,  1^  to  2  feet  wide,  and  12  to 
15  inches  thick,  which  drags  over  the  stone  bottom  and  so  grinds  the 
ore  (in  some  cases  cast-iron  bottoms  are  used). 

An  ordinary  arrastra  driven  by  four  mules,  working  two  at  a  time  for 
six  hour  shifts,  will  grind  from  \  ton  to  1^  tons  in  twenty-four  hours  ; 
at  Fresnillo,  when  driven  by  steam-power,  a  12  feet  arrastra  will  grind 
\\  tons,  and  one  16  feet  in  diameter  3  tons  in  eight  hours.  Two  men, 
or  one  man  and  one  boy  will  look  after  and  charge  five  ordinary  arrastras 
in  the  daytime,  and  one  man  will  look  after  ten  or  twelve  at  night.  The 
water  used  is  generally  one  and  a  half  times  the  weight  of  the  ore. 

When  sufficiently  ground,  the  liquid  ore  now  called  lama  is  either 
ladled  out  of  the  arrastras  into  barrels  and  carried,  or  run  out  through 
spouts,  into  the  lameros  or  settling-tanks,  where  it  partially  dries.  When 
a  sufficient  quantity  has  been  collected  to  form  a  torta,  it  is  taken  out  on 
to  the  patio  and  placed  in  a  semi-liquid  state  between  planks  made  tight 
with  horse-dung,  where  under  the  clear  sky  and  rarefied  air  it  soon  dries 
sufficiently  to  be  ready  for  treating.  A  torta  may  contain  any  quantity 
from  15  to  80  tons,  according  to  quality  of  ore,  time  of  year,  size  of 
plant,  or  other  circumstances.  A  common  size  is  about  50  tons,  which 
when  ready  for  treading  will  occupy  a  circle  of  about  50  feet  in  diameter 
and  10  to  12  inches  thick. 

The  operations  are  now  taken  in  charge  of  by  the  azoguero  or  amal- 
gamator (a  word  derived  from  azogue  or  mercury). 
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The  first  proceeding  is  to  sprinkle  salt  over  the  torta,  in  quantity 
varying  from  2|  to  6  per  cent,  of  the  weight  of  ore.  This  salt  is  some- 
times obtained  from  the  coast,  but  generally  from  inland  salt-lakes,  in 
which  case  it  is  often  very  impure.  The  torta  is  then  turned  over  with 
shovels,  and  has  its  first  repaso,  or  treading  by  'eight  to  fifteen  animals, 
for  4  or  5  hours ;  one  or  two  men  with  bare  feet  and  legs,  standing  near 
the  middle,  hold  cords  attached  to  the  halters  of  the  mules  or  horses,  and 
drive  them  in  circles  commencing  from  the  outside  of  the  torta  and 
working  towards  the  centre,  and  taking  care  that  every  part  of  it  shall  be 
well  trodden  and  mixed. 

Twenty-four  hours  after  this,  magistral  is  added.  This  is  prepared 
by  slowly  roasting  in  a  reverberatory  furnace  a  mixture  of  copper  and 
iron-pyrites  to  which  a  little  salt  has  been  added.  The  sulphate  of  cop- 
per formed  by  this  process  generally  amounts  to  between' 20  and  40  per 
cent,  of  the  whole,  and  is  the  chief  agent  in  reducing  the  ore,  although 
the  salts  of  iron  assist.  The  quantity  of  magistral  used  varies,  according  to 
its  quality  and  the  variety  of  ore,  but  is  generally  from  1  to  2  per  cent,  of 
the  weight  of  the  ore.  Sometimes  sulphate  of  copper  is  used  instead  of 
magistral,  when  5  lbs.  to  the  ton  of  ore  is  generally  sufficient.  Less 
magistral  is  used  in  winter  than  in  summer.  After  adding  the  magistral, 
the  torta  is  trodden  for  an  hour,  and  then  the  first  quantity  of  mercury, 
called  the  encorporo,  is  added ;  this  is  generally  about  two-thirds  of  the 
quantity  intended  to  be  used  for  the  reduction,  which  is  usually  about  six 
times  the  weight  of  the  silver  expected.  The  mercury  is  squeezed 
through  a  canvas  bag  so  that  it  may  fall  on  the  torta  in  finely-divided 
globules,  and  a  further  repaso  takes  place  immediately  afterwards. 
Sometimes  the  salt,  magistral,  and  first  quantity  of  mercury  are  added  to 
the  torta  together. 

After  the  salt,  magistral  and  mercury  have  been  added  to  and 
mixed  with  the  torta,  chemical  action  commences,  and  is  watched 
carefully  by  the  amalgamator  by  means  of  trials  of  samples  (tentaduras) 
of  about  8  ounces  each,  taken  from  twenty  or  thirty  different  parts 
of  the  torta,  and  washed  in  a  jicara  or  vanning-horn.  This  has  been 
compared  to  a  mirror  in  which  the  azoguero  can  see  what  is  going  on  in 
the  torta.  On  the  first  trial,  soon  after  the  repaso,  on  stirring  the  con- 
tents of  the  spoon  with  the  fingers,  and  agitating  it  at  the  surface  of  a 
vessel  of  water,  the  light  dirt  is  washed  off,  and  the  remaining  metallic 
substances  and  mercury  are  closely  examined.  At  this  stage  the  mer- 
cury contains  but  little  silver,  and  its  colour  and  state  of  division  give 
the  only  indications  of  the  working  of  the  torta.     If  the  colour  is  natural 
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or  slightly  bronzed,  the  reaction  is  too  slow,  the  torta  is  cold,  and  more 
magistral  is  wanted  ;  if  the  surface  is  moderately  grey,  all  is  going  on 
well,  but  if  it  is  dark  grey  and  the  upper  part  of  the  tentadura  shows 
ashy-grey  powder,  desecho,  which  will  not  unite  into  globules,  the  reaction 
is  too  rapid,  the  torta  is  hot,  the  repasos  must  be  stopped,  and  lime 
or  ashes  added  to  reduce  the  loss  of  mercury.  Generally,  the  colour  of 
the  mercury  guides  the  proportion  of  magistral,  the  condition  of  the 
Umadura  indicates  the  daily  progress,  and  the  solidity  of  the  amalgam 
determines  the  addition  of  mercury  and  the  end  of  the  operation. 

Twenty-four  hours  after  the  encorporo,  if  the  proportion  of  magistral 
is  right,  and  the  process  doing  well,  amalgam  will  be  found  in  the  mer- 
cury, little  desecho  is  seen,  and  the  Umadura  is  coarser  and  more  consistent, 
and  it  can  be  compressed  by  the  thumb  into  pastillas  or  lozenges. 

When  the  Umadura  becomes  dry,  and  will  not  give  a  drop  when 
pressed  by  the  thumb,  more  mercury  is  added  to  the  torta  in  small  quan- 
tities, this  is  called  cebar  (to  feed  it). 

The  whole  process  lasts  from  fifteen  to  forty  days,  according  to  the 
quality  of  the  ore  and  the  season  of  the  year,  taking  longer  in  winter.  The 
repasos  required  vary  in  number  from  eight  to  twenty  or  twenty-five,  and 
generally  take  place  every  two  days,  or  every  day  if  required,  a  torta  of  50 
tons  requiring  six  or  eight  animals  for  six  hours  at  a  time.  They  are 
more  frequent  in  winter  than  in  summer,  and  they  hasten  the  process 
when  frequently  used.  In  an  experiment,  two  tortus  of  the  same  ore  were 
put  on  the  patio  at  the  same  time,  one  with  eight  repasos  of  five  or  six 
hours  at  intervals  of  three  or  four  days  took  twenty-seven  days,  the  other 
trodden  day  and  night  by  the  same  number  of  animals  took  eighty  hours. 
The  yield  of  silver  and  loss  of  mercury  were  about  the  same,  but  the 
increased  speed  did  not  pay  for  the  extra  cost  of  labour. 

When  the  chemical  action  has  ceased,  and  the  silver  which  can  be 
extracted  has  been  taken  up  by  the  mercury,  the  torta  is  then  said  to  be 
rend/do  and  the  operation  is  finished. 

The  chemical  reactions  which  take  place  during  the  process  are  com- 
plicated and  difficult  to  understand.  The  ore  contains  native  silver, 
chloride  of  silver,  and  the  sulphides  of  various  metals  containing  silver ; 
the  general  result  is  that  the  sulphate  of  copper  and  chloride  of  sodium 
(salt)  react  on  each  other  and  on  the  sulphide  of  silver,  converting  the 
latter  into  chloride,  in  which  form  it  can  be  reduced  by  the  metallic 
mercury. 

In  the  Zacatecas  district,  when  the  torta  is  finished  (rendido),  a 
further  quantity  of  mercury,  called  the  bano  or  bath,  often  amounting  to 
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four-fifths  of  the  quantity  already  used,  is  generally  added,  and  after  one 
more  repaso  the  ore  is  carried  in  tubs  or  hand-barrows  to  the  lavaderos  or 
washers  (circular  tanks  of  wood  or  masonry  with  the  bottom  formed  of 
one  stone).  These  tanks  vary  in  size,  but  are  often  about  9  feet  in  diameter 
by  6  feet  deep  ;  they  are  fitted  with  vertical  shafts  carrying  stirrers,  the 
stirrers  of  two  tanks  being  driven  by  a  mule-gin.  Each  tank  will  wash 
2  J  tons  per  hour,  the  ore  is  put  in,  in  small  quantities,  water  being  run  in 
at  the  same  time  and  the  stirrers  kept  revolving.  The  mud  and  water 
are  tapped  off  through  holes  in  the  sides,  and  the  amalgam,  which,  owing 
to  the  quantity  of  mercury  added  in  the  bano,  is  very  liquid  is  left  in  the 
bottom  and  ladled  out  into  bowls  or  bateas.  A  good  deal  of  amalgam  goes 
away  in  the  slimes  from  the  washers,  and  these  are  re-washed  by  hand  on 
planillas  or  sloping-tables,  but  much  is  still  lost.  At  Guanajuato,  the 
ore  passes  through  three  washers,  one  after  the  other,  which  is  a  better 
system  and  saves  some  of  this  waste. 

The  amalgam  from  the  washer  is  taken  to  a  room  called  the  azogneria, 
where  it  is  filtered  through  a  strong  leather  bag  (manga)  with  a  canvas- 
bottom,  attached  at  the  top  to  an  iron  ring  suspended  from  a  beam.  The 
mercury  gradually  passes  through  the  canvas  into  a  bowl  beneath,  leaving 
in  the  manga  a  pasty  mass  of  amalgam  still  containing  four  to  five  parts 
of  mercury  to  one  of  silver.  This  is  emptied  out  of  the  manga  on  to  a 
leather-covered  table  and  pressed  into  moulds  about  3  inches  thick,  of 
such  a  shape  that  six  of  them  when  put  together  form  a  circular  cake, 
with  a  hole  through  the  middle.  Each  piece  (marqueta)  will  weigh  about 
20  pounds.  These  cakes  are  piled  up  into  a  column  on  a  grating  under 
a  copper  or  cast-iron  bell  (cupel  lino)  about  3  feet  high,  18  inches  in 
diameter,  and  1^  inches  thick,  which  is  raised  or  lowered  by  a  capstan  ; 
the  base  of  this  fits  into  a  hollow  in  a  stone  or  iron  base-plate  through 
which  cold  water  is  constantly  kept  running.  An  annular  fire-place  of 
stone,  adobe,  or  iron,  is  built  round  the  bell  and  filled  with  wood  or 
charcoal,  which  is  fired  for  from  eight  to  twenty-four  hours.  As  the  heat 
volatilizes  the  mercury,  it  is  condensed  by  the  cold  water  and  runs 
through  an  iron  pipe  into  a  special  reservoir. 

At  a  small  hacienda,  which  the  writer  visited  in  February  last,  the 
amalgam  was  retorted  in  the  iron  flasks  in  which  mercury  is  purchased, 
holding  about  76  lbs.  each.  The  bottom  of  the  flask  was  cut  off  and 
a  pipe  screwed  into  the  mouth,  they  were  tilled  with  amalgam  and  a  lid 
carefully  luted  on  ;  they  were  then  placed  in  a  small  iron  fire-place,  with 
the  pipe  inserted  in  an  earthenware  vessel  {olla)  kept  full  of  cold  water, 
in  which  the  mercury  condensed  and  was  collected  ;  the  loss  was  said  to 
be  very  small  (Fig.  2.) 
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From  2,000  lbs.  of  amalgam  one  should  obtain  400  lbs.  of  silver, 
almost  free  from  mercury.  The  silver  forms  a  porous  spongy  mass ;  it  is 
generally  very  pure,  running  over  990 
fine ;  it  is  fused  and  cast  into  bars,  and 
the  greater  part  of  it  is  taken  to  the 
various  mints,  where  it  is  coined  into 
Mexican  dollars. 

The  loss  of  mercury  in  retorting, 
when  carefully  done,  is  very  small, 
sometimes  as  low  as  1  oz.  in  100  lbs. 
Out  of  a  batch  of  170  lbs.  of  amalgam 
which  the  writer  saw  retorted  in  flasks 
in  February,  1894,  the  loss  was  about 
4  ounces. 

One  of  the  largest  establishments  which  was  ever  put  down  for  the 
patio  process  is  the  Hacienda  Grande  at  Fresnillo.  These  works  were 
built  about  1830,  at  a  cost  of  over  300,000  dollars.  The  hacienda  is  sup- 
plied by  water  pumped  from  the  Proaiio  mines,  about  half  a  mile  distant. 
On  each  side  of  the  main  gateway  are  the  offices  and  the  residences  of  the 
managers.  The  main  patio  will  hold  64  tortas  of  60  tons  each;  a  fountain 
in  the  middle  supplies  water,  which  is  carried  by  conduits  to  the  lava- 
deros  and  tentaduras.  Round  this  patio,  on  three  sides,  are  galleries 
which  can  and  have  contained  314  arrastras ;  in  the  middle  of  each  line 
of  arrastras  are  the  lavaderos,  the  stirrers  of  the  two  vats  being  turned 
by  horse-whims.  In  close  vicinity  are  the  azoguerias,  where  the  amalgam 
is  filtered  and  the  quemaderias  with  open  roofs,  under  which  are  the 
capellinas,  or  bells  for  distilling  the  mercury.  Behind  the  arrastras  were 
at  one  time  12  stamp-mills.  An  outer  court  contained  store-rooms  and 
stables  for  1,500  animals.  A  third  court  contained  the  magistral-im- 
naces  and  plantllas,  or  slime-washers  (Fig.  1,  Plate  X.) 

The  crushing  machinery  is  now  driven  by  two  Cornish  engines,  with 
cylinders  40  inches  in  diameter  and  9  feet  stroke,  made  in  England,  sent 
by  sea  to  Vera  Cruz,  and  brought  up  the  country  by  road.  These 
engines  are  said  to  have  cost  their  weight  in  silver.  Each  engine  has 
three  Cornish  boilers  fired  with  Coahuila  coal. 

In  1838  at  these  works,  28,047  montones,  or  tons,  of  ore  were  worked, 
yielding  229,035  marks,  or  1,832,280  ounces  of  silver  (65'28  ounces  per 
ton),  at  a  cost  of  645,370  dollars,  or  23  dollars  per  ton,  made  up  as 
follows  :  — 
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Dollars. 

Forage  and  .shoeing  mules  and  horses        ...         ...         ...  76,940 

Animals  died   ...         ...         ...         ...         ...         ...         ...  484 

Mercury,  199,043  lbs.  at  1-10  dollars          218,947 

Magistral.  11.439  cargas        59,218 

Salt,  77,718  fanegas  of  200  lbs , 111,287 

Lime,  465  fanegas,  at  31|  cents      ...  145 

Fuel — Wood,  90,685  arrobas  of  25  lbs,  at  6|  cents;    char- 


|  cents          ...         ...         ...  6,801 

3,908 

10,956 

6,018 

79,733 

32,244 


coal,  6,042  arrobas,  at  18 
Stone  for  arrastras,  etc. 
Iron  and  bronze 
Candles  and  stores 
Labourers 
Fixed  salaries  ... 
Half  management,  other  half  charged  to  mine    ...         ...  16,112 

Board  and  lodging      7.577 

Interest  on  300,000  dollars  at  5  per  cent 15,000 


Total  645,370 

In  the  years  1840,  1841,  and  nine  months  of  1842,  these  works 
treated  95,570  tons  of  ore,  yielding  537,250  marks  of  silver  valued  at 
4,700,920  dollars,  at  a  cost  of  1,900,081  dollars,  the  average  value  of 
silver  recovered  from  the  ore  being  45  ozs.,  or  49  dollars  per  ton,  and  the 
cost  19-88  dollars  per  ton.  The  mercury  used  varied  from  6'35  to  575 
dollars  per  tou  of  ore,  and  from  14  to  11^  ozs.  per  mark  of  silver 
recovered,  the  other  costs  varied  from  14-43  to  1177  dollars  per  ton,  the 
total  cost  being  from  2078  to  17*52  dollars,  of  which  the  mercury 
formed  about  one-third.  The  loss  of  silver  during  this  period  is  said  to 
have  been  about  25,  but  in  some  years  as  low  as  10  per  cent.  Although 
25  per  cent,  seems  a  very  high  loss,  the  Washoe  process  in  the  United 
States  on  some  ores  loses  30  per  cent.  Messrs.  Ortega,  who  are  at 
present  working  this  hacienda,  have  introduced  improvements  by  which 
the  process  now  only  takes  twenty-four  hours  on  the  patio,  instead  of  as 
many  days,  and  the  cost  of  treatment  is  said  to  be  under  6  dollars  per 
ton ;  they  are  now  treating  100  to  150  tons  a  day  of  ores  chiefly  from 
the  dumps  of  the  Proano  mines,  which  have  been  standing  for  some 
years,  but  are  likely  to  be  soon  restarted. 

This  process  of  amalgamation,  carried  on  as  it  is  in  the  open-air,  does 
not  often  affect  the  health  of  the  workpeople  ;  in  spite  of  the  quantity 
of  mercury  used  the  repasadores  and  lavadores  suffer  no  inconvenience. 
The  men  who  filter  the  amalgam  sometimes  experience  nervous  irritation, 
but  no  serious  consequences  ensue.  The  quemadores  or  retorters,  if  a 
belt  bursts,  which  rarely  happens,  suffer  from  severe  salivation  and 
nervous  trembling,  recovering  therefrom  with  diifieulty. 
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Horses  and  mules  are  fond  of  the  pulp  and  often  lick  it,  probably  for 
the  salt  it  contains,  and  balls  of  amalgam  are  not  seldom  found  in  their 
stomachs  after  death.  The  copper  salts  discolour  their  feet  and  legs,  and 
it  is  always  easy  to  distinguish  a  horse  or  mule  which  has  worked  on  the 
patio ;  they  sometimes  die  from  cracked  legs  and  feet  caused  by  these 
salts. 

As  transport  by  rail  becomes  more  easily  available,  and  fuel  and  water 
carried  by  it  become  more  plentiful,  the  patio  process  will  probably  give 
way  to  more  modern  methods  of  reduction  by  mercury  or  leaching,  but 
for  300  years  it  has  proved  itself  well  adapted  to  the  conditions  of  the 
country.  After  the  ore  is  pulverized,  the  silver  is  extracted  with  no 
apparatus  but  a  washer  and  a  bronze  bell,  no  labour  but  treading  by  the 
feet  of  men  or  animals,  no  fuel  except  for  roasting  magistral  and  retorting 
amalgam,  no  re-agents  except  2  to  6  per  cent,  of  salt,  and  1  to  3  per  cent,  of 
magistral,  and  with  a  loss  of  mercury  varying  from  the  weight  of  silver 
recovered  to  about  twice  that  quantity. 


APPENDIX. 

Glossary  of  a  few   Spanish   words  used  in    Mexican  mining  and 
reduction-works : — 


Adobe,  sun-dried  brick. 

Arrastra,  a  machine  for  grinding  ore. 

Arreador,  a  driver  of  horses  or  mules. 

Arroba,  a  weight  of  25  lbs. 

Azogue,  mercury. 

Azogueria,  the  place  where  the  mercury 

is  recovered  from  the  amalgam. 
Azoguero,  the  amalgamator,  the  man  in 

charge  of  the  reduction-process. 
Azolaques,  blue  or  sulphide  ores. 
Azul,  blue. 

Bafio,  a  bath,  the  last  quantity  of  mer- 
cury added  to  the  torta, 
Batea,  a  bowl  or  dish. 
Beneficio,  the  process  of  reduction. 
Bonanza,  a  mine  is  in  bonanza  when 

making  profits. 
Borrasca,  a  mine  is  in  bovrasca  when 

not  paying  costs. 
Caliente,  warm,  applied  to  a  torta  when 

not  working  properly. 
Cantera,  a  quarry,  quarry-stone,  usually 

a  kind  of  porphyry. 
Capellina,  a  bell  of  metal  under  which 

amalgam  is  retorted. 
Carga,  a  load  of  300  lbs.  weight. 
Gata,  a  shallow  surface-pit. 
Cebar,  to  feed,  to  add  mercury  to  the 

torta. 


Colorado,  red  oxidized  ore  from  shallow 

workings. 
Cuchara,  a  vanning-spoon,  a  horn  dish 

used  for  testing  ores,  etc. 
Desecho,   decomposed    mercury   found 

in  the  tentadura. 
Encorporo,  the  mixing  of  the  mercury 

and  other  re-agents  with  the  ore. 
Fanega,    a    measure     containing     1*6 

English  bushels. 
Granza,  sand,  ore  after  being  crushed. 
Grueso,  large  ore  in  distinction  to  small 

ore  (t terra). 
Guija,  quartz  or  spar. 
Hacienda,  the  homestead  of  an  estate. 
Hacienda     de     beneficio,      reduction- 
works. 
Hechado,  the  dip  of  a  vein. 
Jales,  the  pulp  or  refuse  from  the  torta 

after  washing. 
Jicara,  a  cup,  the  horn  vanning-spoon 

used  for  testing  the  torta. 
Lama,  mud,  the  ore  after  being  ground 

with  water  in  the  arrastra. 
Lamaja,  clay. 
Lamero,  a  settling-tank. 
Lavadero,  a  washer  or  washing-tank. 
Limadura,   amalgam   of   mercury  and 

silver. 
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Magistral,  a  preparation  of  copper  and 

iron     pyrites     used     in     the    patio 

process. 
Manga,  a  bag  of  leather  and  canvas  for 

straining  amalgam. 
Manto,   a   horizontal   layer   or   bed  of 

ore. 
Marc,  a  weight  of  8  ounces. 
Marqueta,  the  mould  of  amalgam  ready 

for  retorting. 
Metal,  ore. 
Molino,    a   mill,    applied   to   either  a 

Chilian  wheel  or  stamp-mill. 
Monton,  a  pile,  a  weight  of  a  ton  :  at 

Zacatecas  it  is  20  quintals  of  100 

Spanish  or  101^  English  lbs. 
Negro,  black. 
Onza,  the  Spanish  ounce  of  412-72  grains 

troy. 
Palma,  quarter  of  a  vara,  8}  inches. 
Pastilla,   the   small    adherent    bits    of 

amalgam  in  the  tcntadura. 
Patio,  a  courtyard. 
Planilla,  the  inclined  plane  upon  which 

fine  ores  or  tailings  are  washed. 
Plata,  silver. 
Polvillos,  finely  divided  ore  or  amalgam 

in  the  tentadvra. 
Pozo,  a  pit  or  winze. 


Pulgada,  a  length  of  1  inch. 
Quemador,    a    burner,    the    man   who 

retorts  the  amalgam. 
Quintal,   a   weight   of   100  Spanish  or 

101£  English  lbs. 
Kendido,  subdued,  said  of  a  torta  when 

reduction  is  finished. 
Repasador,  the  man  in  charge  of  the 

treading. 
Repaso,  the  treading  of  the  torta  by 

animals  or  men. 
Tahona,  an  arrastra. 
Templada,  temperate. 
Tentadura,  the  testing  of  the  ore  from 

the  torta. 
Tepitate,   rubbish,   the   waste   brought 

out  of  the  mines. 
Tierra,  land  or  earth,  applied   to  the 

smaller  particles  of  ore. 
Torta,  a  cake,  the  heap  of  semi- liquid 

ore  on  the  pat  in. 
Tortilla,    a   small   cake   of  maize-meal 

used  as  food. 
Vara,  the  Spanish  yard,  a  measure  of 

33  inches. 
Veta,  a  vein. 
Voladero,  a  runner,  the  grinding  stones 

of  the  arrastra. 


Mr.  A.  M.  Chambers  moved  a  vote  of  thanks  to  the  President  for 
his  valuable  paper,  and  the  discussion  was  adjourned  to  the  next  meeting. 
Mr.  W.  E.  Garforth  seconded  the  motion. 
The  motion  was  carried. 


ILLNESS  OF  MR.  JOSEPH  MITCHELL,  J.P. 

Mr.  John  Gerrard  asked  whether  he  would  be  in  order  in  moving 
that  the  President  be  asked  to  write  a  letter  to  a  member  now  lying  on  a 
sick  bed,  and  who  had  done  much  for  the  Institute  as  an  ordinary 
member,  in  an  official  capacity,  as  Secretary,  and  as  one  of  the  able 
Presidents  of  the  Institute  ?  If  it  would  be  in  order,  he  should  propose 
that  the  President  be  instructed  to  write  a  letter  expressing  the  deep 
sympathy  which  they  all  had  for  Mr.  Joseph  Mitchell  in  this,  his  trying 
time  of  sickness.  He  might  dilate  upon  it,  but  words  failed  when  most 
desired.  He  saw  Mr.  Mitchell  last  Saturday  afternoon  and  knew  how 
serious  his  illness  was.  He  had  seen  the  change  that  it  had  made  in  him, 
and  therefore  he  spoke  most  feelingly.  He  moved  that  the  Chairman  be 
instructed  to  write  a  letter  expressing  the  deep  sympathy  of  the  members 
with  Mr.  Mitchell. 
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Mr.  A.  M.  Chambers  said  perhaps  they  would  allow  him  to  second 
the  resolution  as  an  old  friend  of  Mr.  Mitchell's,  feeling  most  deeply  with 
him  in  his  present  hour  of  trial.  He  trusted  it  was  not  yet  too  late  to 
hope  some  change  might  take  place  in  his  condition  which  might  lead 
him  to  a  better  state  of  health,  that  they  might  again  see  him  amongst 
them — at  all  events  they  all  wished  that  most  heartily. 

The  President  said  he  was  sure  that  they  would  all  join  with  him  in 
thanking  Mr.  Gerrard  for  bringing  the  subject  forward.  Their  best 
sympathies  were  due  to  Mr.  Mitchell  in  his  hour  of  trial.  He  had  been 
one  of  the  most  steadfast  supporters  of  the  Institute  from  its  foundation  ; 
he  had  done  everything  he  could  for  its  benefit,  and  if  they  passed  the 
resolution  he  should  be  glad  to  write  a  letter  in  the  terms  suggested. 

The  resolution  was  carried. 

Mr.  T.  W.  H.  Mitchell  replied  saying,  "  I  cannot  say  much — thank 
you." 


Mr.  Harold  Bonser  read  the  following  paper  on  "  Improvements  in 
Exploders  for  Shot-Firing": — 
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IMPROVEMENTS  IN  EXPLODERS  FOR  SHOT-FIRING. 


By  HAROLD  BONSER. 


The  great  advantages  of  using  low-tension  instead  of  high-tension 
fuzes,  and  the  facility  with  which  the  former  can  be  tested  before  use,  are 
admitted.  Electric  shot-firing  is  becoming  universal,  the  advantages  of 
being  able  to  safely  return  to  a  shot,  even  if  a  missed  or  flat  shot,  the 
absence  of  fume  or  smoke,  and  the  precision  of  firing,  are  becoming  more 
and  more  appreciated.  To  remove  one  of  the  greatest  disadvantages,  and 
one  which  has  delayed  the  adoption  of  electric  shot-firing,  the  form  of 
exploder  described  in  this  paper  has  been  devised. 

A  fireman  in  the  discharge  of  his  duties  finds  it  impossible  to  burden 
himself  with  a  bulky  and  heavy  magneto -exploder,  weighing  from  8  to 
10  lbs.  and  a  bulky  coil  of  cable,  and  a  workman  has  to  be  specially 


Fig.  1. 


Fig.  2. 


Fig.  3. 


appointed,  whose  sole  duty  it  is  to  ignite  shots.  With  this  new  apparatus, 
the  ordinary  fireman  may  discharge  this  duty,  as  the  exploder  can  be 
carried  in  his  waistcoat  pocket,  and  an  ordinary  electric  light  cable  of 
30  feet  in  length  can  be  carried  in  another  pocket. 

The  advantages  of  this  apparatus  are  : 

Portability. — The  exploder  can  be  carried  in  the  vest  pocket,  weighing 
only  about  8  to  10  ounces. 
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Efficiency. — The  exploder  shown  to-day  has  discharged  1,000  shots, 
and  is  still  ready  for  further  use.  It  is  desirable  that  the  accumulator 
should  not  be  allowed  to  run  down  too  low,  and  current  should  be  run 
into  it  from  time  to  time.  Its  efficiency  can  be  tested  at  any  time  by 
means  of  the  small  testing  apparatus,  consisting  of  an  incandescent  lamp 
enclosed  in  an  air-tight  tube  E  (Fig.  2),  which  on  being  applied  to  the 
terminals  of  the  exploder  or  battery  D  (Fig.  2),  shows  by  a  glow  that 
the  apparatus  is  in  a  fit  condition  for  shot-firing.  The  firing-cable  may 
be  tested  by  means  of  the  same  appliance. 

Recharging. — If  recharged  from  a  dynamo,  the  accumulator  is  placed 
either  in  the  charging-block  D,  shown  in  Fig.  1,  or  run  in  series  with  a 
1 6  candle-power  lamp  G,  the  positive  current  from  the  dynamo  being  run 
into  the  terminal  marked  A  and  the  negative  wire  connected  with  the 
terminal  marked  B.  In  some  cases,  to  commence  with,  as  long  a  time  as 
six  hours  is  necessary.  Afterwards  the  current  may  be  run  in  for  about 
an  hour  at  any  convenient  time.  The  plug  should  be  removed  when 
running  current  into  the  accumulator. 

If  no  electric  installation  is  handy  for  recharging  at  a  colliery,  the 
accumulator  may  be  charged  from  a  nest  of  Leclanche  cells  or  dry  cells. 
In  this  case  no  lamp  need  be  put  in  the  circuit.  The  lamp  G  is  put  in 
the  circuit  to  check  the  passage  of  any  excess  of  current  from  the 
dynamo.  The  positive  and  negative  currents  from  a  dynamo  can  be 
determined  by  applying  pole-finding  paper  to  the  two  terminal  wires,  the 
one  which  turns  the  paper  red  being  the  negative  wire. 

The  safety  fuze-igniter  (Fig.  3)  may  be  used  by  inserting  the  fuze  into 
the  tube  F  as  far  as  the  coil  of  wire  G.  On  attaching  the  fuze-igniter 
to  the  poles  of  the  battery,  the  coil  becomes  heated,  and  the  powder  in  the 
fuze  is  ignited.  The  glass  cover  holds  the  sparks  of  the  fuze  until  it  has 
passed  down  so  far  into  the  fuze,  that  it  may  be  withdrawn  in  safety. 


Mr.  Lupton  moved  a  vote  of  thanks  to  Mr.  Bonser  for  his  paper  and 
for  exhibiting  an  exceedingly  interesting  shot-firing  apparatus. 
Mr.  Nash  seconded  the  motion,  which  was  carried  unanimously. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 
Held  at  the  Royal  Victoria  Station  Hotel,  Sheffield,  May  18th,  1895. 


Mr.  JOHN  NEVIN,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  signed. 


Mr.  A.  M.  Chambers  (Thorncliffe  Collieries)  moved  that  a  vote  of 
condolence  and  sympathy  be  sent  to  Mrs.  Mitchell  and  the  members  of 
the  family  in  the  very  great  loss  which  they  have  sustained.  Mr.  Joseph 
Mitchell  had  rendered  immense  service  to  that  Institute.  He  was 
Secretary  and  Treasurer  for  a  great  number  of  years,  and  though  the 
Institute  seemed  to  have  dwindled  away  to  almost  nothing  at  one  time, 
it  was  due  to  his  exertions  that  the  Institute  had  been  brought  round  to 
the  position  which  it  occupied  that  day.  Mr.  Mitchell  was  a  thoroughly 
representative  Yorkshireman,  straightforward,  somewhat  blunt,  perhaps, 
always  true  to  his  own  convictions,  and  ready  to  support  those  who 
were  equally  straightforward. 

Mr.  M.  Hall  (Lofthouse  Colliery)  seconded  the  motion,  and  said  that 
he  had  known  Mr.  Mitchell  for  the  last  seventeen  or  eighteen  years,  and 
felt  that  the  profession  had  lost  an  able  mining  engineer.  He  had  met 
Mr.  Mitchell  frequently  in  arbitrations  and  other  matters,  and  found 
him  as  capable  in  these  as  he  was  affable  in  social  life. 

The  President,  in  putting  the  motion,  said  that  he  had  known  Mr. 
Mitchell  for  the  last  twenty  years,  and  could  quite  bear  out  what  had 
been  said.  As  a  younger  member  of  the  Institute  he  had  received  great 
kindness  from  Mr.  Mitchell,  and  should  always  remember  him. 

The  motion  was  carried  unanimously  and  in  silence. 
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The    following   gentlemen   were    elected,    having    been    previously 

nominated  : — 

Members  — 

Mr.  William  Haigh,  Colliery  Owner,  Dewsbury. 

Mr.  H.  G.  Soar,  Colliery  Manager,  Frystone  Collieries,  Castleford. 

Mr.  Harry  Ernest  Hughes,  Mining  Engineer,  9,  Willow  Terrace  Eoad, 

Leeds. 
Mr.  Rankin  Kennedy,  Electrical  Engineer,  Phoenix  Dynamo  Manufacturing 

Co.,  Hubert  Street,  Leeds  Road,  Bradford. 
Mr.  G.  F.  Findlay,  Mining  Engineer,  Broughton  and  Plas  Power  Collieries, 

Wrexham. 

Associate  Members — 

Mr.  Herbert  Ingold,  Manager,  Wire  Rope  Works,  Tinsley,  near  Sheffield. 
Mr.  John  Edward   Davenport,  Iron  Merchant,  The  Elms,  Oulton,  near 
Leeds. 

Student — 
Mr.  Joseph  E.  Mitchell,  Mining  Offices,  Barnsley. 


Mr.  W.  Washington  read  the  following  paper  on  "An  Outburst  of 
Gas  at  Mitchell  Main  Colliery  "  : — 
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AN  OUTBURST  OF  GAS  AT  MITCHELL  MAIN  COLLIERY. 


By  W.  WASHINGTON. 


Outbursts  of  gas  have  on  many  occasions  been  brought  to  the 
notice  of  the  members  of  this  Institute,  and  the  author  in  presenting  the 
following  particulars  has  only  one  object  in  view,  i.e.,  of  giving  another 
illustration  of  the  great  difficulty  of  foreseeing  accidents  in  mines. 

On  April  24th,  1895,  an  outburst  of  gas  took  place  at  about  5*30 
p.m.,  in  the  north-west  district  at  the  point  marked  A  (Fig.  1,  Plate 
XVIL).  It  appeared  that  the  afternoon  deputy,  on  making  his  usual 
inspection  of  this  district  about  3*30  p.m.,  found  two  working-places  on 
the  weight  at  the  points  marked  B  and  C,  and,  having  withdrawn  the 
workmen  from  these  places,  fenced  them  off.  On  completing  his  inspec- 
tion of  the  district,  the  deputy  was  informed  that  an  outburst  of  gas  had 
taken  place.  He  proceeded  to  the  spot,  and  found  that  on  the  intake 
side  of  the  outburst  the  working-places  were  fouled  with  gas  for  a  distance 
of  120  feet  along  the  face  at  the  point  marked  D,  and  for  a  distance  of 
about  360  feet  from  the  face  down  the  main  hauling  gate-road  at  the 
point  marked  E.  He  then  cautiously  proceeded  to  examine,  as  far  as 
practicable,  the  return  side  and  found  that  all  the  working-places  were 
full  of  gas  ;  the  return  airway  being  fouled  to  the  upcast  pit,  a  distance 
of  7,200  feet.  On  the  intake  side,  at  and  near  the  point  F,  two  safety- 
lamps  were  extinguished;  and  on  the  working-face  on  the  return  side 
from  the  point  C  to  the  end  of  the  face,  two  lamps  were  extinguished ; 
and  from  the  end  of  the  face,  a  distance  of  1,800  feet  on  the  return  side, 
five  lamps  were  put  out. 

The  writer  on  hearing  of  the  outburst,  about  7"30  p.m.,  descended 
the  pit  and  was  informed  that  gas  had  shown  itself  in  the  lamps  near  the 
upcast  pit-bottom  :  on  examination,  however,  no  gas  was  detected  at  this 
point.  He  then,  in  company  with  two  deputies,  travelled  the  main 
return-airway  towards  the  place  of  the  outburst,  and  observed  a  blue  cap 
on  his  safety-lamp  at  a  distance  of  4,200  feet  from  the  upcast  pit-bottom. 
He  then  went  by  way  of  the  intake-airway  to  the  intake  side  of  the  out- 
burst, and  at  the  point  O  found  gas  in  the  new  cross  gate-road.  The 
ventilation  was  then  largely  increased,  but  the  gas  continued  to  be  given 
off  very  strongly. 
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A  competent  man  was  put  in  charge  of  each  shift,  and  the  feeder  of 
gas  gradually  grew  weaker,  until  on  Saturday,  May  4th,  the  workings  on 
the  return  side  were  reported  clear  of  gas,  which  had  nearly  spent  itself 
at  the  end  of  ten  days,  and  the  workmen  were  re-admitted. 

At  the  time  of  the  outburst,  from  18,000  to  20,000  cubic  feet  of  air 
per  minute  were  passing  through  this  district,  and  at  the  actual  place  of 
the  outburst  from  14,000  to  16,000  cubic  feet  of  air  per  minute  were 
passing,  the  quantity  at  the  upcast  pit-bottom  being  upwards  of  120,000 
cubic  feet  per  minute. 

The  greater  portion  of  the  gas  appeared  to  come  from  the  floor,  and 
for  a  distance  of  150  to  200  feet  along  the  face,  the  floor  was  consider- 
ably lifted,  the  roof  had  also  subsided,  thus  reducing  the  ordinary  height 
of  the  road  from  5  feet  6  inches  to  about  3  feet.  The  blower  still 
continues  to  give  off  a  small  quantity  of  gas,  but  this  is  being  success- 
fully coped  with. 

The  deputy  said  that  "the  concussion  appeared  to  shake  the 
separation-doors  at  a  distance  of  840  feet  from  the  poiut  of  the  out- 
burst." 

The  system  of  working  is  longwall,  the  working-line  being  half -end 
and  half-bord.  The  gate-road  packs  are  9  feet  wide  on  each  side,  and 
the  gate-roads  are  placed  66  feet  apart,  with  cross  gate-roads  cutting-off 
the  gate-roads  about  every  250  feet.  The  working-face,  at  the  place  of 
the  outburst,  was  about  540  feet  into  the  goaf,  and  its  length  about 
1,200  feet. 

Protector  Mueseler  lamps  are  in  use  throughout  the  colliery.  It  may 
also  be  recorded  that  no  gas  had  been  previously  reported  in  the  immedi- 
ate locality  of  this  outburst. 


Mr.  Washington,  in  reply  to  questions,  said  that  the  roads  on  the 
face  rose  about  1  in  36  to  the  north-west.  The  deputy,  who  was  sitting 
some  distance  away,  said  that  the  doors  slightly  opened  owing  to  the 
concussion  at  the  time  when  the  outburst  happened.  There  was  a  fall  of 
roof  at  the  point  A. 

Mr.  A.  M.  Chambers  (Thorncliffe  Collieries)  moved  a  vote  of  thanks 
to  Mr.  Washington  for  his  paper.  The  occurrence  described  was  very 
similar  to  many  other  outbursts  of  gas.  The  last  outburst  at  the 
collieries  under  his  (Mr.  Chambers')  charge,  caused  a  small  explosion  by 
which  two  workmen  were  killed.  At  that  time  (a  good  many  years  ago) 
Stephenson    safety-lamps    were   in   use.      One    satisfactory  matter    in 
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connexion  with  recent  outbursts  of  gas  was  the  fact  that  they  proved  that 
the  type  of  safety-lamp  generally  used  in  South  Yorkshire  collieries  was 
practically  safe  under  such  circumstances.  The  Mueseler  and  Marsaut 
safety-lamps  were  safe  under  such  conditions  which  came  upon  the  work- 
men so  suddenly,  conditions  which  might  prove  very  disastrous  if  the 
types  of  safety-lamps  formerly  used  were  still  employed. 

Mr.  A.  A.  Atkinson  (Barrow  Collieries)  seconded  the  motion. 

Mr.  Wordsworth  (West  Riding  Collieries)  asked  if  there  had  been  a 
previous  weight  between  the  fast  side  and  the  working-face,  or  whether 
this  was  the  first  occurrence  ? 

Mr.  Washington  said  there  had  been  several  heavy  weights  of  the 
roof  before  this  one. 

Mr.  A.  M.  Chambers  asked  if  there  had  been  a  thorough  ground 
weight  ? 

Mr.  Washington  said  that  this  was  the  chief  ground  weight  which 
had  occurred  in  that  particular  portion  of  the  face. 

Mr.  Overend  (Barnsley)  asked  whether  after  the  places  B  and  C  were 
on  the  weight,  a  continual  weight  took  place  until  it  reached  the  point 
A,  or  whether  a  fresh  weight  took  place  at  A  ? 

Mr.  Washington  said  B  and  C  were  on  the  weight,  and  the  weight 
spread  more  to  the  north  than  towards  A,  but  it  ultimately  affected  the 
point  A. 

The  President  remarked  that  in  several  cases  of  which  they  had 
records,  as  at  Strafford  main  collieries,  outbursts  took  place  when  the 
workings  had  only  proceeded  a  certain  distance,  or  when  the  area  of  goaf 
did  not  exceed  8  or  10  acres  ? 

Mr.  W.  Hoole  Chambers  (Tankersley  Colliery)  asked  whether  the 
gas  continued  to  come  from  the  floor  or  the  roof  ? 

Mr.  Washington  said  that  the  gas  was  given  off  from  both  floor  and 
roof.  A  deputy's  lamp  was  extinguished  when  on  the  floor.  A  stick 
could  be  pushed  into  the  crack  in  the  floor. 

Mr.  Thirkell  (Oaks  Collieries)  asked  if  there  was  an  absolute  fall  at 
the  point  B  and  C,  or  was  it  only  a  weight  ? 

Mr.  Washington  said  that  the  roof  did  not  break  at  those  points, 
but  previously  there  had  been  a  very  heavy  fall. 

The  motion  was  agreed  to. 


Mr.  E.  W.  Thirkell  read  the  following  notes  on  "  Watering  Under- 
ground Roadways,"  etc. : — 
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WATERING  UNDERGROUND  ROADWAYS,  AND  A  LIGHTED 
LUCIFER  MATCH  AT  THE  NEW  OAKS  COLLIERIES. 


By  B.  W.  THIRKELL. 


Watering  Underground  Roadways. — The  watering  of  the  roadways 
at  the  New  Oaks  collieries,  is  effected  in  the  following  manner: — A 
length  of  delivery-pipes  in  connexion  with  a  pump  is  laid  along  the  engine- 
plane.  From  these  pipes  a  supply  of  water  is  taken  by  two  tubes  (1  inch  in 
diameter)  to  which  nozzles  are  attached.  The  water  issues  from  the 
nozzles  in  the  form  of  a  fine  spray  ;  this  travels  in  the  air  for  about  120 
feet  and  damps  the  dust  on  the  sides,  roof,  and  floor  for  that  distance. 
Three  of  these  nozzles  are  placed  at  intervals  of  about  1,200  feet. 

Another  tube  (1  inch  in  diameter)  is  taken  from  the  delivery-pipes  to 
a  drift,  and  is  there  fixed  to  two  perforated  pipes  similar  to  those  used  in 
water-carts.  The  perforated  pipes  are  used  to  dampen  the  coal  on  the 
full  corves,  as  they  come  out  of  the  landings  from  the  workings.  This 
damping  of  the  coal  prevents  the  dust  from  flying  about  in  the  engine- 
plane,  and  as  the  intake  air  in  the  drift  travels  at  a  speed  of  about 
9  miles  per  hour,  and  the  load  of  corves  travels  at  a  speed  of  about  12 
miles  an  hour,  it  will  at  once  be  recognized  that  a  considerable  current  is 
produced.     If  a  load  of  corves  travels  unwatered  it  is  at  once  detected. 

The  levels  are  watered  by  means  of  the  Fisher  water-tub,  in  which 
brushes  are  fixed  behind,  and  throw  the  water  all  over  the  place  when  it 
is  drawn  by  a  horse.  One  tub  will  hold  about  110  gallons  of  water,  and 
will  dampen  a  length  of  about  1,500  feet  of  roadway.  It  is,  however, 
intended  to  put  in  tubes  and  use  the  nozzles  in  these  levels. 

Advantage  is  taken  of  the  presence  of  water  in  any  places  in  the  pit, 
and  it  is  used  to  wet  the  sides,  etc.,  so  as  to  thoroughly  dampen  the  dust. 
The  dust  is  carefully  cleared  away  for  a  length  of  about  60  feet  below 
each  nozzle,  and  this  distance  is  kept  constantly  wet. 

Lucifer-match  Incident. — On  June  9th,  1892,  two  workmen  (datallers) 
were  enlarging  a  return-airway,  by  removing  the  floor,  which  had  lifted. 
Whilst  shovelling  the  loose  material  into  a  corf,  one  of  them  threw  a 
piece  of  stone  with  the  small  stuff  and  directly  afterwards  saw  a  light  in 
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the  corf,  and  examination  proved  that  it  came  from  a  lighted  match. 
The  match  had  been  thrown  in  with  the  rubbish,  and  became  ignited  by 
one  stone  striking  it  against  another  piece.  The  match  had  probably 
fallen  out  of  a  workman's  pocket.  An  endeavour  was  made  to  find  out 
how  it  came  to  be  where  it  was,  but  without  success.  This  occurrence 
shows  how  it  is  possible  for  accidents  to  occur  in  the  most  unforeseen 
manner. 


Mr.  A.  A.  Atkinson  (Barrow  Collieries)  asked  whether  three  nozzles 
were  sufficient  to  thoroughly  water  the  road  for  a  distance  of  1,200  feet, 
and  what  was  the  pressure  of  the  water  issuing  from  the  nozzles  ? 

Mr.  Thirkell  said  the  water-spray  travelled  for  a  distance  of  about 
120  feet  from  each  nozzle.  No  attempt  was  made  to  dampen  the  whole 
distance  at  first ;  it  would  not  be  desirable,  on  account  of  the  floor  and 
the  roof,  to  put  too  much  water  in  any  one  place,  and  recent  investigation 
had  shown  that  if  there  were  lengths  of  roadways  at  intervals  where  the 
dust  was  entirely  removed  and  which  were  well  watered,  then  these 
places  would,  if  they  did  not  absolutely  stop  the  force  of  the  explosion, 
unquestionably  check  it.  The  water  was  used  at  a  pressure  of  about 
270  pounds  per  square  inch. 

Mr.  A.  M.  Chambers  asked  whether  the  water  had  any  detrimental 
effect  on  the  floor  or  roof  ? 

Mr.  Thirkell  said  that  the  spray  was  so  very  fine  that  it  had  not 
had  the  effect  of  doing  much  damage. 

Mr.  J.  E.  Chambers  moved  a  vote  of  thanks  to  Mr.  Thirkell  for  his 
notes. 

Mr.  Hall  seconded  the  motion,  which  was  agreed  to. 


Mr.  M.  Hall  read  the  following  report  on   "  Experiments  with 
Explosives  "  : — 
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EXPERIMENTS  WITH  EXPLOSIVES. 


By  E.  W.  THIRKELL.  A.  A.  ATKINSON,  and  MATT.  HALL. 


The  following  tables  contain  the  results  of  experiments  for  safety 
and   strength   with   explosives   for   use    in   coal-mines,   at    the   experi- 
mental station  at  Messrs.  Pearson  &  Knowles'  Coal  and  Iron  Company, 
Limited,  Ince  Hall  collieries,  near  Wigan,  Lancashire  : — 
Table  I. — Safety  Tests. 
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1  Plus  9  per  cent,  of  gas. 
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Table  II.— Strength  Tests. 


35  lbs.  Projectile  Fired  from  a  Cast-steel  Mortar  set  at  an  Angle 
of  55  degs. 

Shot 
No. 

Name  of  Explosive. 

Weight  of 
Explosive 
Charge. 

Result. 
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Projectile  was 

thrown. 
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10 
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Dynamite     ... 
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10 
10 
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No.  6£  detonators  were  used  in  these  experiments. 

Safety -tests. —In  all  cases  the  explosive  was  fired  into  a  boiler  in  a 
horizontal  position,  30  feet  long  and  5  feet  10  inches  in  diameter,  open  at 
one  end,  and  fitted  with  three  windows  A.  A  gas  chamber  B  was  formed 
by  means  of  an  air-tight  partition  placed  at  a  distance  of  8|  feet  from  the 
closed  end  of  the  boiler. 

At  the  closed  end,  near  the  bottom  of  the  boiler,  a  cast-steel  mortar  C 
(the  bore  of  which  was  2  feet  long  and  about  1^  inches  in  diameter)  was 
fixed  in  mason- work.     (Figs.  1,  2,  and  3,  Plate  XVIII.) 

All  the  charges  were  placed  in  the  mortar,  and  were  unstemmed, 
which  is  the  most  favourable  condition  for  the  explosive  to  show  flame  or 
ignite  coal-dust.     We  did  not  witness  the  handling  of  the  charges. 

The  shots  were  fired  by  electricity. 

Observations  were  taken  at  a  considerable  distance  from  the  boiler. 

Only  one  experiment  (No.  15)  was  tried  with  a  mixture  of  coal-gas  and 
air,  a  portion  of  the  boiler,  225  cubic  feet,  being  screened  off  by  several 
thicknesses  of  brattice  cloth.  In  this  portion  of  the  boiler  there  were  also 
two  openings  at  the  top  also  covered  by  brattice  cloth,  and  9  per  cent,  of 
gas  measured  by  a  gas-meter  was  introduced. 

There  was  no  mechanical  means  used  to  diffuse  the  gas  with  the 
air. 

The  coal-dust  was  put  into  a  box,  \  cubic  foot  being  used  each  time, 
and  carried  into  the  boiler  by  a  workman,  who  threw  it  out  near  the 
mortar  end  in  such  a  way  as  to  leave  as  much  as  possible  in  suspension 
when  the  charge  was  fired.  No  mechanical  means  to  agitate  the  dust 
were  used. 
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The  dust  in  some  of  the  earlier  experiments  was  not  perfectly  dry, 
owing  to  its  having  been  exposed  to  the  atmosphere  for  several  hours. 
The  temperature  was  about  34  degs.  Fahr. 

In  No.  6  experiment  with  westphalite,  a  No.  6  detonator  was  used,  the 
result  being  no  explosion  and  no  ignition.  This,  however,  was  an 
incomplete  test,  as  only  one  cartridge  was  fired. 

In  experiments  Nos.  7,  14,  and  15,  with  westphalite,  No.  8  detonators 
were  used,  whereas  in  all  the  other  experiments  No.  6^  detonators  were 
used.     Sparks  were  seen  in  Nos.  7  and  14,  but  not  in  No.  15  experiment. 

Strength  Tests. — The  projectile,  35  lbs.  weight,  was  fired  from  a  cast- 
steel  mortar  (Figs.  4,  5,  and  6,  Plate  XVIII.)  placed  at  an  angle  of  55 
degs.,  by  means  of  ordinary  white  fuze,  the  resultant  distances  being 
measured  from  the  mortar  to  the  point  where  the  projectile  first  dropped. 
The  results  are  shown  in  Fig.  7  (Plate  XVIII.) 

In  all  cases,  10  grammes  (about  ^  ounce)  of  the  explosive  was  used, 
together  with  a  No.  6|  detonator. 

For  a  thoroughly  reliable  test  of  the  explosives,  we  are  of  opinion  that 
independent  parties  should  make  the  tests. 


Mr.  M.  Hall  (Lofthouse  Colliery)  said  that  the  members  of  the 
Institute  had  received  an  invitation  to  see  experiments  with  various 
explosives  made  at  Messrs.  Pearson  &  Knowles'  Ince  Hall  collieries,  at 
the  invitation  of  the  Westphalite  Syndicate,  Limited.  When  the 
members  of  the  Midland  Institute  arrived,  they  were  asked  to  appoint  a 
committee  to  check  the  results  of  the  experiments.  They  felt  that  they 
were  not  appointed  by  the  Institute,  but  on  being  pressed,  Mr.  Thirkell, 
Mr.  Atkinson,  and  himself  undertook  the  responsibility.  Although 
they  saw  the  experiments,  they  were  not  satisfied  with  the  manner  in 
which  they  were  conducted.  They  were  unanimously  of  opinion  that 
such  experiments  should  be  made  by  independent  engineers,  that  the 
explosives  should  be  provided  by  the  persons  appointed  to  make  the  tests, 
and  not  by  the  proprietor  of  one  of  the  explosives  tested. 

Capt.  Ensor,  (London)  said  that  he  had  not  the  advantage  of  being 
present  at  the  Wigan  experiments,  and  even  if  he  had  been,  he  could  not 
claim  to  have  sufficient  expert  knowledge  to  criticise  in  any  way  this 
paper.  There  was,  however,  one  part  of  the  paper  in  which  the  writers 
express  their  opinion  that  trials  of  this  nature  should  be  perfectly  o\w\\ 
and   conducted   by   independent   persons.     The    Westphalite   Syndicate 
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were  anxious  that  the  trials  should  be  so,  and  were  willing  to  afford 
every  facility  for  satisfying  any  committee  in  this  way.  He  (Capt. 
Ensor)  might  add  that  all  the  shots  of  those  experiments  were  laid  and 
fired  by  Mr.  J.  Elce,  a  member  of  the  Institute,  and  not  by  any  person 
connected  with  the  Westphalite  Syndicate. 

Mr.  Overend  said  that  there  was  a  great  difference  in  the  results 
of  tests  No.  1  and  No.  9  with  ammonite ;  possibly  the  difference  might 
be  accounted  for  by  the  dryness  of  the  coal-dust. 

Mr.  M.  Hall  said  that  the  dust  used  in  the  first  experiment  was  not 
satisfactory,  having  been  exposed  to  the  atmosphere  for  some  hours. 
Consequently  a  fresh  sample  of  dust  was  obtained,  and  used  in  the 
subsequent  experiments. 

Mr.  A.  M.  Chambers  moved  a  vote  of  thanks  to  the  committee  for 
their  report.  He  agreed  with  the  criticisms  of  the  committee  that  it  was 
desirable  that  experiments  of  this  kind  should  be  conducted  by  a 
committee  of  impartial  mining  engineers,  who  would  ascertain  on  a 
scientific  basis  which  was  the  best  and  safest  explosive.  The  Council  of 
the  Mining  Association  of  Great  Britain  had  under  consideration  the 
very  important  Mines  Bill  introduced  by  the  Government  for  dealing 
with  the  question  of  explosives  and  with  the  report  of  the  Royal 
Commission  on  Explosives  and  Coal-dust  in  Mines.  There  was  not  at 
present  sufficient  information  to  enable  the  members  to  say  that  any 
explosive  hitherto  introduced  was  absolutely  safe  in  a  dry  and  dusty 
mine.  An  absolutely  flameless  explosive  was  wanted,  and  if  any  one 
could  discover  an  explosive  that  was  absolutely  flameless  under  all 
circumstances,  he  would  confer  a  great  benefit  on  the  mining  industry  of 
this  and  every  other  country.  No  such  explosive  had  yet  been  dis- 
covered, and  there  was  consequently  a  strong  demand  on  the  part  of 
the  miners'  representatives  that  in  dry  and  dusty  mines  no  explosive 
should  be  used  under  any  circumstances.  The  miners'  representatives 
further  said  that  it  was  quite  as  wrong  to  have  one  man  in  the  pit  as  a 
hundred.  The  twelfth  General  Rule  allowed  ten  men  to  be  in  the  pit, 
but  the  men's  representatives  held  strongly  that  if  there  was  danger  of 
explosion  it  was  quite  as  wrong  to  have  ten  men  exposed  to  a  fatal 
disaster,  as  to  have  any  other  number,  and  they  therefore  pressed 
strongly  that  no  explosive  should  be  used  in  a  dry  and  dusty  mine. 
It  would  be  of  a  great  benefit  to  coal-owners  and  mining  engineers  if  a 
committee  of  the  members  of  The  Federated  Institution  of  Mining 
Engineers  could  be  formed  to  conduct  experiments  on  explosives  on  an 
independent  and  scientific  basis. 
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Mr.  Washington  seconded  the  proposition,  which  was  agreed  to. 

Mr.  Hall,  replying  on  behalf  of  the  committee,  said  that  every 
county  ought  to  have  its  own  experimental  explosives  station,  so  that 
each  district,  with  its  various  coal-dusts,  could  make  its  own  experiments. 

The  President  said  that  the  suggestion  would  be  discussed  by  the 
Council. 


The  discussion  on  Mr.  H.  Wormald's  paper  on  "  Designs  for  Pump 
Valves  "  was  closed. 


The  meeting  was  then  closed. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


ANNUAL   GENERAL    MEETING, 
Held  at  the  Harvey  Institute,  Babnsley,  August  7th,  1895. 


Mr.  J.  NEVIN,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


Messrs.  Holliday  and  Barron  were  appointed  Scrutineers  to  count  the 
votes  given  in  the  election  of  Officers. 


The  following  gentlemen  were  elected : — 

Members — 
Mr.   John    Stanley    Dyson,    Land    and    Mineral    Surveyor,    Kirkburton, 

Huddersfield. 
Mr.  Chas.  William  Fennell,  Land  and  Mineral  Surveyor,  Wood  Street, 

Wakefield. 
Mr.  George  Roscoe,  Colliery  Proprietor,  Peel  Hall  Collieries,  Little  Hulton, 

Bolton. 


The  Secretary  (Mr.  Mitchell)  read  the  Annual  Report  of  the 
Council  and  statement  of  accounts  as  follows  : — 

THE  COUNCIL'S  ANNUAL  REPORT. 

The  Council  have  pleasure  in  handing  the  members  of  the  Institute 
their  report  on  the  work  of  the  past  year. 

The  following  is  a  comparative  summary  of  the  number  of  members 
for  the  past  two  years  : — 


1893-94. 

1894-95. 

Life  Members 

4 

4 

Honorary  Members 

11 

11 

Members    ... 

212 

210 

Associate  Members 

3 

7 

Associates  ... 

1 

8 

Students 

3 

6 

Totals 


234 


246 
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showing  a  net  increase  of  12  in  all  classes  over  last  year.  It  is  hoped 
that  the  membership  will  for  the  future  increase  more  quickly,  as  the 
subscription  is  small  compared  with  the  benefits  received. 

The  following  papers  have  been  read  during  the  past  year : — 

"  Damage  done  by  Lightning  to  the  Surface  Works  at  Garforth  Colliery." 

By  Mr.  R.  Routledge. 
"  Presidential  Address."     By  Mr.  John  Nevin. 
"A  Detaching-hook  used  at  the  Sinking  Pit  at  the  Old  Oaks  Colliery."     By 

Mr.  E.  W.  Thirkell. 
"  Safety-lamps  used  at  the  Oaks  Collieries."     By  Mr.  E.  W.  Thirkell. 
'•  Hargreaves  Balanced  Slide-valves."     By  Mr.  Jas.  Bowers. 
"  Hargreaves  Piston."     By  Mr.  Jas.  Bowers. 
"  Internal  Flaws  in  Steel."     By  Mr.  Thos.  Andrews. 
':  Designs  for  Pump-valves."     By  Mr.  H.  Wormald. 
"The  Garforth  Collieries,  with  Special  Reference  to  the  Failures  of  the 

Tubbing  and  Inundations  which  occurred  in  1872  and  1883."     By  Mr. 

R.  Routledge. 
"  The  Mexican  or  Patio  Process  of  Reducing  Silver  Ores."     By  the  President 

(Mr.  John  Nevin). 
"  Improvements  in  Exploders  for  Shot-firing."     By  Mr.  H.  Bonser. 
"  An  Outburst  of  Gas  at  Mitchell  Main  Colliery."     By  Mr.  W.  Washington. 
••  Watering  Underground  Roadways,  and  a  Lucifer  Match  at  the  New  Oaks 

Collieries."     By  Mr.  E.  W.  Thirkell. 

The  arrears  of  subscriptions  for  the  year  1894-95  amount  to 
£16  10s.  or  £9  less  than  last  year.  Of  the  £25  10s.  arrears  existing 
on  June  30th,  1894,  £9  have  been  recovered  during  the  year  1894-95, 
£9  the  auditors  consider  irrecoverable,  leaving  £7  10s.  to  be  added  to 
this  year's  arrears,  or  a  total  of  £24,  which  in  the  opinion  of  the 
auditors  will  prove  a  realizable  asset  of  the  Institute. 

In  addition  to  the  ordinary  meetings  held  during  the  year,  a  joint 
excursion  meeting  with  the  Chesterfield  and  Midland  Counties  Institu- 
tion of  Engineers  took  place  on  September  27th  at  Shireoaks  and 
Welbeck,  and  the  thanks  of  the  Institute  are  due  to  all  those  who  con- 
tributed towards  making  the  visit  a  success. 

During  the  year  the  Institute  has  sustained  a  great  loss  by  the  death  of 
one  of  the  Past-Presidents,  Mr.  Joseph  Mitchell,  who  for  eleven  years 
had  been  Secretary  and  Treasurer  of  the  Institute  ;  a  memoir  of  his 
life  has  been  prepared  and  presented  by  Mr.  G.  J.  Kell. 

The  alteration  of  the  day  of  the  meeting  to  Saturday,  while  incon- 
venient to  some  members,  has  been  productive  of  larger  attendances. 

The  Council  would  again  urge  on  all  the  members  to  use  their 
influence  in  inducing  eligible  persons  to  join  the  Institute  so  as  to  increase 
the  numbers,  and  also  to  contribute  papers  on  any  subjects  which  may 
arise  in  the  course  of  their  practice. 
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Mr.  H.  B.  Nash  (Barnsley),  as  one  of  the  Auditors,  moved  the  adop- 
tion of  the  report  and  balance-sheet,  and  referring  to  the  fact  that  the 
balance  in  hand  at  the  end  of  the  year  was  £46  Os.  9d.  against  £60  2s.  2d. 
at  the  end  of  the  previous  year,  said  that  was  not  at  all  a  satisfactory 
state  of  things.  It  showed  that  more  members  were  wanted  to  maintain 
the  balance  in  hand,  and  he  hoped  members  would  induce  their  friends 
to  join  the  Institute. 

Mr.  J.  E.  Chambers  seconded  the  motion,  and  said  he  thought  the 
accounts  very  satisfactory,  inasmuch  as  they  had  paid  a  special  call  of 
£24  5s.  for  the  preceding  year,  also  the  call  per  member  to  The  Feder- 
ated Institution  of  Mining  Engineers  was  17s.  instead  of  15s.,  otherwise 
their  position  would  have  been  better  than  it  appeared. 

The  President  said  that  during  the  past  year  they  had  also  raised 
the  Secretary's  salary  from  £25  to  £50,  but  for  that  they  would  have 
had  a  balance  of  £100  instead  of  £46. 

The  report  and  balance-sheet  were  adopted. 


ELECTION  OF  OFFICERS  FOR  1895-96. 
The  Scrutineers  reported  the  result  of  the  election  as  follows : — 

President. 
Mr.  J.  Nevin. 

Vice-Presidents. 
Mr.  J.  Longbotham.      |      Mr.  J.  E.  Chambers.      |      Mr.  G.  B.  Walker. 

Council. 


Mr.  A.  A.  Atkinson. 

Mr.  W.  Hoole  Chambers 

Mr.  M.  Hall. 

Mr.  Wm.  Hargreaves. 


Mr.  H.  B.  Nash. 
Mr.  R.  Routledge. 
Mr.  E.  W.  Thirkell. 
Mr.  W.  Washington. 

Secretary  and  Treasurer. 
Mr.  T.  W.  H.  Mitchell. 


REPRESENTATIVES  ON  THE  COUNCIL  OF  THE  FEDERATED 
INSTITUTION  OF  MINING  ENGINEERS. 
Mr.  A.  M.  Chambers. 
Mr.  W.  E.  Garforth. 
Mr.  J.  Nevin  (ex-officw). 


Mr.  J.  Longbotham. 
Mr.  G.  B.  Walker. 
Mr.  F.  N.  Wardell. 


76        DISCUSSION — AN  OUTBURST  OF  GAS  AT  MITCHELL  MAIN  COLLIERY. 

BALLOT   VOTING. 

Mr.  Nash  gave  notice  that  at  the  next  Annual  General  Meeting  he 
would  propose  that  Rule  9  be  altered,  so  that  the  election  of  council  in 
future  may  be  by  ballot. 


Mr.  John  Gerrard  proposed  a  hearty  vote  of  thanks  to  the  President, 
Vice-Presidents,  members  of  the  Council,  and  Secretary  and  Treasurer, 
who  had  so  ably  piloted  the  Institute  during  the  past  year.  The  members 
were  especially  indebted  to  them  for  having  maintained  the  dignity,  use- 
fulness, and  general  lustre  of  this,  one  of  the  oldest  Institutes  of  the 
country. 

Mr.  Pi.  Routledge  seconded  the  motion,  which  was  carried  unani- 
mously. 

The  President  replying  said  that  be  was  not  entitled  to  the  vote ;  the 
persons  entitled  to  it  were  those  who  had  attended  the  meetings,  and 
especially  the  Secretary  and  Treasurer,  who  did  the  bulk  of  the  work. 


DISCUSSION   ON   MR.  W.  WASHINGTON'S  PAPER   ON  "AN 
OUTBURST  OF  GAS  AT  MITCHELL  M1IN  COLLIERY."* 

The  President  said  that  this  outburst  seemed  very  similar  to  other 
outbursts  of  gas  which  had  been  recorded.  They  had  been  fortunate  in 
Yorkshire  for  many  years  in  having  outbursts  of  gas  without  accident  to 
life,  and  it  was  important  to  have  all  of  them  recorded  in  the  Transactions. 

Mr.  W.  Washington  said  gas  was  still  being  given  off  in  very  small 
quantities,  but  the  blower  was  now  practically  exhausted. 

Mr.  W.  E.  Garforth  said  he  supposed  that  the  pressure  of  the  gas 
could  not  be  ascertained. 

Mr.  Washington  said  that  they  had  not  been  able  to  ascertain  the 
pressure  of  the  gas  at  the  place  where  the  outburst  occurred. 

The  discussion  was  then  closed. 


Mr.  G.  Blake  Walker  read  the  following  paper  on  "The  Roth 
Method  of  Firing  Shots"  :— 

*  Travis.  Fed.  In.st..  vol.  ix.,  page  2S9. 
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THE  ROTH  METHOD  OF  FIRING  SHOTS. 


By  GEORGE  BLAKE  WALKER. 


Much  attention  is  being  given  just  now  to  the  use  of  safety  explosives 
for  blasting  in  coal-mines.  The  question  of  igniting  explosives  is  also 
one  with  which  mining  engineers  are  much  concerned,  seeing  that  any 
method  which  produces  sparks  in  the  process  of  igniting  the  charge  is 
almost  as  objectionable  as  the  use  of  a  naked  light  for  that  purpose. 

The  old  method,  of  course,  was  by  means  of  the  simple  time-fuse,  and 
this  is  undoubtedly  a  convenient  method  where  the  presence  of  gas  does 
not  render  its  use  dangerous.  To  enable  fuse  to  be  still  used,  an  arrange- 
ment was  introduced  some  years  ago,  for  which  it  was  claimed  that  any 
danger  from  sparks  arising  from  the  fuse  was  entirely  obviated.  Of 
late  years,  however,  the  electric  detonator  has  become  by  far  the  most 
universal  method,  but  it  involves  the  use  of  an  electric  battery  and  a 
somewhat  expensive  form  of  detonator  and  attachments. 

The  writer  has  received  from  Dr.  Roth,  the  inventor  of  roburite,  a 
description  of  another  method  of  discharging  shots  which  he  has  invented, 
and  which  may  be  of  interest  to  the  members  of  the  Institute.  The 
principal  features  of  the  invention  are :  the  use  of  (1)  a  small  leaden 
tube,  0*04  inch  (1  millimetre)  in  diameter,  passed  through  the  stemming, 
and  (2)  chlorine  gas,  which,  generated  in  a  suitable  vessel,  is  allowed  to  pass 
through  the  tube  to  a  detonator,  which  is  charged  with  metallic  antimony 
or  other  suitable  material  placed  over  the  fulminate  of  mercury.  When 
the  chlorine  gas  reaches  the  detonator,  it  combines  with  the  antimony, 
and  thereupon  considerable  heat  is  produced,  causing  the  explosion  of  the 
fulminate  of  mercury,  and  the  detonation  of  the  charge  of  explosive. 
The  explosion  of  the  detonator  is  therefore  produced  entirely  by  a 
chemical  combination,  and  no  spark  or  flame  is  produced. 

The  production  of  chlorine  gas  is  effected  in  a  very  simple  manner  : 
A  small  bottle  containing  about  2|  grains  of  hydrochloric  acid  is  connected 
with  the  detonator  (already  described)  by  means  of  a  small  tube.  If  a 
pilule  of  permanganate  of  potash  is  added  to  the  hydrochloric  acid, 
chlorine  is  produced,  the  gas  passes  up  the  small  tube  and  produces  the 
explosion  of  the  detonator.       The  pilule  of  permanganate  of  potash  is 
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inserted  in  a  small  papier-mache  tube  which  is  closed  with  carbonate  of  zinc. 
The  production  of  chlorine  cannot  take  place  until  the  carbonate  of  zinc  has 
been  decomposed  by  the  hydrochloric  acid,  and  thus  the  time  which  should 
elapse  between  the  introduction  of  the  pilule  and  the  discharge  of  the 
shot  can  be  regulated  as  may  be  desired,  in  order  to  allow  of  the  safe 
retreat  of  the  shot-flrer. 

A  further  advantage  is  secured  by  the  action  of  the  hydrochloric  acid 
on  the  carbonate  of  zinc  by  means  of  which  carbonic  acid  gas  is  produced, 
and  displaces  the  air  in  the  tube. 

The  process  has  been  practically  tested  in  Germany  with  very  satis- 
factory results,  the  discharge  of  the  shots  being  said  to  have  been  certain 
and  occurring  at  the  prescribed  interval  of  time  after  the  pilule  had  been 
inserted  in  the  bottle. 

It  is  claimed  that  this  method  is  a  cheap  means  of  ignition  as  com- 
pared with  the  use  of  electric-detonators,  but  since  a. piece  of  leaden  tube  is 
destroyed  with  every  shot,  the  writer  does  not  feel  very  confident  as  to  the 
correctness  of  this  claim.  The  preservation  of  the  chemicals  in  a  pure 
state  is  also  essential,  and  whether  this  could  be  secured  in  practice  in 
the  hands  of  colliery  officials,  such  as  the  workmen  to  whom  the  work  of 
firing  the  shots  is  entrusted,  is  another  point  which  is  open  to  some 
question.  The  method,  however,  is  a  very  ingenious  one,  and  worthy  of 
the  reputation  of  the  chemist  by  whom  it  has  been  devised.  The  writer 
is  endeavouring  to  obtain  a  set  of  apparatus,  and  will  be  pleased  to  lay 
the  results  of  his  experiments  before  the  Institute  when  he  has  given  it  a 
practical  trial. 


Mr.  L.  T.  O'Shea  wrote  that  the  heat  evolved  when  chlorine  and 
antimony  come  in  contact  with  one  another  is  considerable,  and  when 
the  chlorine  is  good  and  in  large  excess  the  antimony  becomes  red-hot. 
Whether  the  heat  evolved  when  a  small  quantity  of  chlorine,  and  that  not 
pure,  comes  in  contact  with  antimony  is  sufficient  to  ignite  the  detonator 
is  a  question  for  experiment.  The  idea  of  making  chlorine  in  a  mine  is  a 
novel  one,  and  coming  from  Dr.  Roth  is  worthy  of  every  consideration.  In 
the  absence  of  a  description  of  the  Roth  apparatus,  criticism  may  seem  pre- 
mature, still  he  (Mr.  O'Shea)  was  afraid  that  the  process  would  be  attended 
with  more  difficulties  than  appeared  from  Mr.  "Walker's  paper.  The 
odour  of  chlorine  is  extremely  pungent  and  irritating.  When  the  shot 
with  detonator  and  leaden  tube  is  ready  for  firing,  the  hole  is  firmly 
tamped,  and  the  end  of  the  leaden  tube  which  is  placed  in  the  detonator 
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is  practically  sealed  ;  on  connecting  the  other  end  of  the  tube  with  the 
chlorine  flask,  the  apparatus  is  full  of  air.  Now,  if  the  junction  of  the 
tube  and  flask  be  not  air-tight,  the  chlorine  will  escape  from  the  junction 
and  will  not  go  down  the  leaden  tube  ;  but  if  the  junction  be  air-tight, 
how  is  the  air  to  escape  when  the  carbonic  acid  and  chlorine  gases  are 
generated  ?  Great  pressure  will  be  produced,  and  may  result  in  breaking 
the  junction  ;  and  if  it  does  not  break,  he  (Mr.  O'Shea)  imagined  that  it 
would  take  a  long  time  for  the  chlorine  to  reach  the  antimony  in  sufficient 
quantity  to  generate  the  necessary  heat.  Then,  also,  unless  the  papier- 
mache  tubes  are  very  carefully  made,  and  the  quantity  of  carbonate  of 
zinc  and  the  strength  of  the  hydrochloric  acid  carefully  regulated, 
the  time  required  for  the  acid  to  reach  the  potassium  permanganate 
will  vary.  Dr.  Roth  has  doubtless  overcome  the  practical  difficulties,  and 
he  awaited  the  arrival  of  the  Roth  apparatus  with  much  interest ;  but 
knowing  how  easy  it  is  for  the  simplest  chemical  experiment  to  fail  in 
the  lecture-room,  he  (Mr.  O'Shea)  felt  very  doubtful  of  the  success  and 
regularity  of  one  when  carried  out  in  the  mine. 

Mr.  J.  Gerrard  (Manchester)  said  that  any  improvement  in  shot- 
firing  would  be  welcomed  by  the  members,  because  although  electric  firing 
was  an  improvement  upon  the  so-called  "safety  fuze,"  it  was  not  perfection. 
The  number  of  failures  with  detonators  was  small,  yet  their  possibility 
caused  a  little  uncertainty  and  anxiety  with  regard  to  their  use.  He  had 
pleasure  in  moving  a  vote  of  thanks  to  Mr.  Walker  for  his  paper. 

Mr.  A.  A.  Atkinson  seconded  the  vote  of  thanks  and  asked  if  Mr. 
Walker  had  definite  information  that  the  combination  of  chlorine  with 
antimony  would  produce  flame  ? 

Mr.  G.  B.  Walker  said  that  it  was  not  a  question  of  flame :  by  com- 
bination with  chlorine  the  antimony  became  red  hot  and  exploded  the 
fulminate  of  mercury.  The  antimony  was  placed  in  the  capsule  of  the 
detonator,  and  all  heat  or  flame  was  produced  at  the  inner  end  of  the  shot- 
hole.  He  thought  that  in  a  system  depending  upon  the  application 
of  two  chemicals,  failure  to  act,  and  consequently  missed  shots,  might 
arise  more  readily  than  with  the  electric  system. 

The  motion  was  agreed  to. 


Mr.  Rankin   Kennedy   read  the  following  paper  on   "Electrical 
Machinery  for  Mines"  : — 
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ELECTRICAL  MACHINERY  FOR  MINES. 


By  RANKIN  KENNEDY.  , 

This  paper  is  intended  to  bring  before  the  Institute  some  new  forms 
of  machinery  specially  designed  for  applying  electricity  as  a  motive 
power  in  collieries,  and  to  discuss  both  continuous-current  plants  and 
alternating-current  plants  from  a  comparative  point  of  view. 

Continuous-current  plants  have  hitherto  been  almost  exclusively  used 
in  this  country,  in  the  few  instances  where  electricity  has  been  intro- 
duced, and  at  the  present  moment  (when  electricity  is  being  more 
extensively  used)  continuous-current  plants  still  seems  to  be  preferred. 
Alternating-current  plants  are,  however,  doing  good  work  in  Europe,  in 
the  Colonies,  and  on  a  greater  scale  in  America. 

There  are  several  reasons  apparent  to  the  author  for  the  exclusion  of 
alternating-current  machinery  from  colliery  workings  in  this  country  : — 
(1)  Patent  rights,  which  prevent  those  who  make  mining  plants  from 
dealing  with  alternating-current  motors.  (2)  Continuous-current 
machine  makers  have  been  longer  established,  are  better  known,  and  have 
carried  out  all  the  work  hitherto  required.  (3)  The  doubt  as  to  whether 
alternating-current  has  any  advantages  over  continuous-current  plants. 
The  first  two  causes  may  be  dismissed  with  the  remark  that  time  will 
effectually  and  entirely  remove  them. 

The  third  objection  will  now  be  examined  critically,  as  the  author's 
experience  points  to  the  conclusion  that  both  systems  have  their  good 
and  bad  points  in  certain  cases.  Under  certain  circumstances,  alter- 
nating-current plant  would  have  many  great  advantages,  making  its 
adoption  a  necessity.  Under  other  circumstances,  continuous-current 
plant  may  be  the  most  advantageous,  or  be  equally  as  good,  in  which  case 
it  would  be  adopted,  for  if  the  two  are  equally  good  for  the  case  in 
consideration,  the  continuous  current  would  be  preferred  on  account  of 
its  being  better-known  and  tried. 

In  some  instances  a  combination  of  the  two  systems  would  be  best ; 
in  fact  the  author  believes  that  in  every  case  a  combination  of  the  two 
systems  would  meet  every  requirement  in  transmitting  power  and 
distributing  light  about  collieries,  and  the  machinery  to  be  described  in 
this  paper  is,  part  of  it,  designed  for  use  in  such  a  combined  system. 
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By  recent  improvements,  incandescent  lamps  of  high  quality  can  be 
obtained  at  cheap  prices  to  work  at  an  electric  pressure  of  200  to  250 
volts.  There  are  already  instances  where  electric  motors  are  worked 
successfully  in  collieries  iat  pressures  of  500  volts.  It  is  almost  abso- 
lutely necessary  to  work  motors  at  this  high  pressure  to  save  copper  in 
the  cables  or  mains,  while  250  volts  is  the  highest  pressure  at  which 
known  lamps  can  be  used.  These  facts  point  to  the  necessity  of  using 
two  generating  plants,  one  to  give  250  volts  for  the  lamps  and  the  other 
to  give  500  volts  for  the  motors  ;  or  a  three-wire  system  may  be  adopted 
with  two  dynamos  in  series,  as  usually  worked  in  municipal  generating- 
stations  with  very  doubtful  results.  In  any  case,  two  circuits  must  be 
provided,  one  working  at  about  double  the  pressure  of  the  other.  In 
laying  out  a  plant  for  a  colliery,  these  pressures  must  be  very  carefully 
considered,  for  once  placed,  the  pressure  in  a  continuous-current  plant  is 
unalterable  except  by  the  expensive  process  of  discarding  the  generators, 
lamps,  and  motors,  and  replacing  them  with  new  ones. 

A  pressure  varying  from  200  to  250  volts  seems  to  be  best  for  the 
lamps,  and  the  copper  conductors  to  feed  the  lamps  at  these  pressures  will 
be  only  half  the  weight  of  those  required  for  lamps  at  a  pressure  of  100 
to  120  volts. 

The  two  pressures  may  also  be  obtained  from  one  dynamo  with  a 
double-circuit  armature  and  two  commutators,  one  at  each  end  of  the 
armature,  but  all  these  methods  are  expensive  both  in  first  cost  and  in 
maintenance.  A  better  and  cheaper  method  is  to  obtain  the  two 
pressures  from  one  dynamo,  with  one  commutator  and  without  any 
complication  of  parts. 

For  this  purpose  a  dynamo  with  four  poles  may  be  used,  if  only  two 
pressures  in  two  circuits  are  required  (Fig.  1,  Plate  II.).  It  will  be 
seen  that  it  differs  from  an  ordinary  four-pole  machine  in  the  disposition 
of  the  poles  ;  in  an  ordinary  machine,  the  poles  are  placed  alternately 
north  and  south  (N,  S,  A7,  S),  while  in  this  machine  the  poles  are 
arranged  with  two  north  poles  (N,  N)  above  the  armature,  and  with  two 
south  poles  (S,  S)  below  it.  In  the  ordinary  machine,  the  four  brushes 
are  coupled  in  pairs,  two  north  brushes  together  and  two  south 
brushes  giving  one  current,  or  they  may  be  coupled  through  the  winding 
into  two  brushes  at  right  angles  giving  one  current.  In  the  double- 
current  machine,  the  two  brushes  under  the  gaps  between  the  north 
poles  (N,  N)  and  south  poles  (S,  S)  are  coupled  together  to  form  an 
intermediate  circuit,  while  the  other  two  brushes  form  the  other  circuit 
at  twice  the  pressure,  and  thus  the  three-wire  double-circuit  system  is 
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worked  from  the  one  machine  with  the  same  effectiveness  as  from  two, 
while  first  cost,  maintenance,  and  attendance  is  obviously  reduced.  The 
efficiency  of  one  machine  is  higher  than  the  efficiency  of  two  coupled 
together  electrically,  as  there  is  only  one  exciting  circuit  and  one 
mechanical  drive  to  be  maintained. 

Three  dynamos  should  be  sufficient  for  any  colliery  :  one  for  the  con- 
stant daily  work  of  haulage,  pumping,  and  lighting  underground ; 
another  for  additional  lights  at  night-time  or  any  additional  work  ;  and 
a  spare  dynamo  for  use  in  case  of  accidents  to  either  of  the  others. 

On  this  system  the  motors  would  be  continuous -current  motors,  and 
therefore  would  have  brushes  and  commutators  liable  to  sparking  and 
lequiring  attendance.  The  liability  to  sparking  is  no  drawback,  if  there 
be  no  danger  of  firing  gas  in  the  mine,  and  the  attendance  on  a  good 
continuous  motor  need  not  exceed  10  minutes  at  intervals  of  once  or 
twice  a  week  if  the  load  be  constant  (say  driving  a-  pump),  but  if  the 
load  is  variable  (such  as  hauling  or  coal-cutting)  the  attendance  should 
be  continuous. 

As  most  places  in  mines  are  subject  to  accumulations  of  gas,  an 
absolutely  non-sparking  motor  is  a  necessity  for  all  underground  work 
except,  perhaps,  at  the  bottom  of  the  down-cast  shaft. 

The  motors  at  present  used  in  continuous-current  plants  for  driving 
machinery  in  collieries,  for  haulage,  coal-cutting,  pumping,  etc.,  in  the 
workings  are  generally  boxed  in  airtight  casings  to  prevent  gas  from 
being  ignited  by  the  sparks  at  the  brushes.  This  system  seems  to  be 
effective,  as  no  case  of  igniting  gas  has  occurred ;  but  assuming  that  the 
enclosure  is  effective,  in  practice  every  electrical  engineer  has  a  feeling 
that  the  brushes  and  commutator  should  be  readily  accessible,  and  they 
cannot  be  so  in  any  of  the  enclosed  systems.  This  is  one  of  the  weak 
spots  in  the  continuous- current  system.  Another  weakness  is  the  fixity 
of  the  pressures.  In  cases  of  long-distance  transmission  (and  they  are  the 
rule,  not  the  exception)  the  pressure  cannot  be  raised  or  lowered  as  desired. 
These  two  points  are  the  only  serious  obstacles  to  the  general  adoption  of 
the  continuous-current  system. 

Some  engineers  shut  their  eyes  to  them ;  others  see  them  clearly,  but 
hold  them  of  no  importance,  while  others  again  exaggerate  these  diffi- 
culties. It  is  admitted,  however,  that  the  sparking  of  continuous-current 
motors  is  an  inevitable  fact,  and  that  enclosure  is  not  a  satisfactory 
solution  of  the  difficulty.  The  fixed  pressure  in  many  cases  is  no  draw- 
back, save  where  the  distances  are  long  and  higher  pressure  than  500 
volts  is  necessary  in  the  line  wires.     It  is  a  question  for  the  electrical 
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engineer  in  charge  of  the  work  to  decide  whether  he  can  gain  by  higher 
pressure,  and  if  higher  pressure  be  required  the  alternating-current 
system  should  be  used. 

Polyphase  Motors.— The  alternating-current  system,  if  ever  used, 
will  undoubtedly  be  a  polyphase  system,  in  which  polyphase  alternators 
with  continuous-current  exciters  will  be  used  for  generating  the  currents 
in  two  or  three  phases.  The  motors  will  be  without  commutators  or 
brushes,  and  consequently  sparkless,  and  will  not  require  to  be  enclosed. 
In  this  system  the  pressures  are  not  fixed,  and  any  pressure  desired  (high 
or  low)  can  be  obtained  with  certainty  and  efficiency  by  a  transformer, 
which  is  no  more  complicated  than  an  electro-magnet.  These  statements 
sound  as  if  an  ideal  system  had  been  reached ;  theoretically,  it  may  be  so, 
but  in  practice  it  has  not  hitherto  reached  the  theoretical  limits.  Firstly, 
the  generators  are  more  costly  than  continuous-current  generators,  and 
the  necessity  for  separate  continuous-current  exciters  is  a  serious  draw- 
back ;  secondly,  the  motors  at  present  available  are  more  costly  than  an 
enclosed  continuous-current  motor.  Polyphase  motors  require  sliding- 
contacts  and  brushes,  to  insert  resistances  when  starting,  conse- 
quently the  claim  falls  that  they  are  without  commutators.  It  must 
be  evident  that,  so  long  as  a  single  sliding-contact  remains,  the  motor  is 
no  better  than  a  continuous-current  motor.  It  is  possible  to  make  this 
system  a  success,  both  electrically  and  commercially,  and  in  time  no 
doubt  these  various  drawbacks  will  be  overcome. 

The  author  is  not  here  treating  of  polyphase  motors  or  systems 
generally,  but  is  considering  them  solely  as  motors  for  use  in  mines  where 
gas  accumulates.  Polyphase  motors  and  systems  have  a  much  wider  field 
of  application. 

Where  small  motors  of  less  than  15  horse-power  are  required,  the 
Kennedy  polyphase  motor  can  be  applied  successfully  without  the  use  of 
sliding-contacts,  and  can  be  adapted  to  the  working  of  pumps  and  coal- 
cutting  and  haulage  machinery  underground  with  perfect  safety  ;  and  for 
larger  powers  the  same  motor  may  still  be  used  without  sliding-contacts 
if  allowed  to  start  under  a  small  load,  by  using  a  friction-clutch  or  fast- 
and-loose  pulley. 

The  field-magnet  (Fig.  2,  Plate  II.)  consists  of  two  circular  rings 
A  carrying  inwardly-projecting  poles,  and  around  these  poles  are  laid  the 
exciting  coils  B.  One  alternating-current  is  led  into  one  of  the  circles 
of  fixed  coils  B,  and  the  other  alternating-current  is  led  into  the  other 
ring  of  fixed  coils  B',  and  the  working  currents  simply  flow  through  the 
fixed  coils  and  enter  by  the  fixed  terminals.     The  armature  (Fig.  3, 
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Plate  II.)  consists  also  of  two  parts,  viz.,  two  slotted  laminated  iron 
cores  on  one  spindle  (wound  like  an  ordinary  drum-armature,  C),  each 
complete  coil  being  coupled  across  to  a  complete  coil  on  the  pole-armature 
D,  and  forming  complete  circuits  in  themselves. 

In  this  machine  the  winding  on  the  pole-armature  acts  as  a  secondary 
induced  circuit  to  the  field-magnet  coils  under  which  it  is  placed,  the 
magnet  coils  acting  as  a  primary-transformer  circuit  in  fact ;  the  one  end 
of  the  machine  is  purely  a  transformer  with  its  secondary  revolving.  The 
secondary  induced  currents  flow  through  the  windings  on  the  drum- 
armature,  and  their  phase  coincides  with  that  of  the  alternating-current 
in  the  coils  of  the  field-magnet  under  which  they  are  placed  :  a  torque  is 
therefore  set  up,  as  in  a  continuous-current  motor. 

The  chief  difference  between  this  and  other  polyphase  motors  is  that 
the  two  currents  are  quite  separate  on  the  motor,  and  therefore  do  not 
interfere  electrically  with  each  other,  and  as  the  self-induction  of  the  one 
prevents  a  rush  of  current  through  the  other,  they  mutually  protect  each 
other,  and  hence  no  sliding-contacts  are  required  for  introducing  pro- 
tective resistances. 

A  somewhat  similar  machine  has,  since  its  invention  by  the  author, 
been  introduced  in  America,  where  it  seems  to  have  met  with  great 
success. 

In  the  combined  system,  the  author  proposes  to  use  a  modified  con- 
tinuous-current generator,  capable  of  supplying  continuous-current  and 
polyphase-current  simultaneously.  After  adopting  such  a  generator,  the 
mining  engineer  can  at  any  time  use  either  continuous,  alternating,  or 
polyphase  motors,  and  he  is  not  restricted  to  the  use  of  any  one  class  of 
motor,  as  in  the  case  of  an  alternating  or  a  continuous-current  generating 
plant. 

This  advantage  is  a  very  important  point,  and  one  which  may  be 
illustrated  by  a  case  recently  met  with  by  the  author.  The  owners  of  a 
colliery  had,  some  years  ago,  erected  a  60  volts  generator,  which  satisfied 
them  at  the  time,  but  subsequently  they  extended  the  electrical  plant ; 
meanwhile,  however,  they  had  heard  of  the  saving  to  be  effected  by  the 
use  of  high-pressure  conductors,  consequently  additional  motors  and 
generators  were  selected  to  work  at  110  volts,  because  at  that  time 
incandescent  lamps  were  worked  at  that  pressure.  Still  later,  the  same 
proprietors  erected  generators  and  motors  for  a  pressure  of  250  volts,  and 
more  recently  they  adopted  500  volts  as  the  pressure  of  their  last  addi- 
tional plant  for  transmitting  power.  In  such  a  plant  it  is  obvious  that 
(although  only  a  few  years  old)  the  earlier  machines  are  obsolete,  and 
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even  now  the  most  recent  improvements  cannot  be  adopted  with  such 
generators.  If,  in  the  first  instance,  a  combined  system  had  been  adopted, 
the  proprietors  could  at  any  time  adopt  improved  lamps  or  motors,  either 
for  continuous  or  alternating  currents.  Whatever  system  of  working  is 
adopted  no  mining  engineer  should  adopt  generators  incapable  of  supply- 
ing any  kind  of  current  which  may  be  required  in  the  future. 

A  generator  capable  of  supplying  continuous,  alternating,  and  poly- 
phase currents  may  be  made  as  simple,  cheap,  efficient,  and  reliable  as  the 
continuous-current  dynamo,  being  in  fact  the  same  machine  with  a  few 
simple  modifications. 

Universal  Dynamo. — The  field-magnets  are  of  the  ironclad  multipolar 
type,  magnetized  by  one  central  coil  of  wire.  Fig.  4  (Plate  II.)  is  a 
sectional  view  showing  the  field-magnet  and  coil  C,  armature  A,  and 
commutator  B.  All  the  poles  on  one  side  are  similar.  There  are  two 
armatures,  although  wound  as  one,  that  is,  there  are  two  cores,  one  under 
each  side  of  the  poles.  Fig.  5  is  an  end  view  of  the  generator,  showing 
poles,  coils,  and  armature.  The  cores  are  carried  on  a  drum,  keyed  to  a 
shaft.  Gramme- winding  is  preferably  used  for  small  machines,  and  a  drum 
series-winding  is  invariably  used  for  large  machines.  The  commutator 
B  is  of  ordinary  construction  for  continuous-current,  and  to  furnish 
alternating-current,  four  slip-rings  (D,  E,  F,  and  G)  are  insulated  on  the 
commutator.  They  are  connected  to  four  plates  on  the  commutator,  at 
right-angles  to  each  other,  and  each  ring  makes  only  one  contact. 
Brushes  applied  to  these  rings  draw  off  the  alternating-current  as  required. 
There  is  no  external  magnetism  around  this  machine.  It  is  shunt- 
wound  ;  it  may  be  compound- wound  when  desirable,  and  then  becomes 
perfectly  self-regulating. 

This  generator  will  supply  a  continuous  current  at  200  to  500  volts 
if  desired,  and  it  will  also  supply  two  alternating-currents  in  quadrature- 
phase.  The  owner  is  then  furnished  with  a  dynamo  from  which  he  can 
draw  any  kind  of  current  that  he  may  in  future  find  it  necessary  to  use, 
instead  of  having  to  erect  a  new  plant  if  a  different  current  be  required. 

The  author  has  now  described  two  plants  containing  the  latest 
developments,  for  use  in  transmitting  power  and  distributing  light :  (1) 
the  continuous-current  system  with  a  two-pressure  generator  and  enclosed 
motors ;  and  (2)  the  combined  continuous-  and  alternating-current  system, 
with  a  generator  capable  of  producing  both  kinds  of  currents,  so  that 
either  one  or  both  kinds  of  motors  may  be  used  at  any  time,  and  high  or 
low  pressure  current  can  be  readily  obtained  from  the  alternating  circuits 
of  this  combined  system  by  the  use  of  transformers. 
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Electric  Pump. — The  author  and  Mr.  Crawshaw  have  recently  intro- 
duced a  form  of  electric  pump  of  small  power.  It  works  on  a  combined 
continuous  and  alternating-current  system,  and  is  designed  for  use  in  dip- 
workings.  The  motor  has  no  commutator,  and  what  is  perhaps  of  equal 
importance,  no  gear. 

In  the  reciprocating  percussion  rock-drill  (Fig.  6,  Plate  II.),  an  iron 
core  B  attached  to  the  drill  is  drawn  back  into  a  solenoid  of  copper  wire 
A  by  the  electric  current,  and  is  then  shot  forward  by  reversing  the 
current,  and  thus  strikes  a  blow  like  a  miner's  pick.  The  Marvin  and 
Van  Depoele  forms  of  these  electric  drills  are  probably  the  best  known. 
In  these  rock-drills  the  simple  solenoid  and  plain  iron  core  are  applied,  the 
object  being  to  get  a  smart  forward  blow  and  a  slower  drawback  motion ; 
but  all  of  them  are  inefficient,  because  a  wire  solenoid  and  a  plain  iron 
core  form  the  most  defective  of  all  combinations  designed  to  convert 
electrical  energy  into  reciprocating  motion. 

In  the  electric  pump,  a  solenoid  and  core  of  improved  construction 
are  applied  to  work  the  pump-piston  P  to  and  fro  at  a  comparatively  slow 
rate  and  with  considerable  power.  The  solenoid  A  consists  of  a  coil 
of  copper  wire  (Fig.  7,  Plate  II.)  enclosed  in  a  casing,  it  carries  the 
continuous  current  which  magnetizes  the  casing,  forming  two  powerful 
north  and  south  poles,  or  produces  a  powerful  magnetic  flux  through 
the  iron  core  B,  a  flux  equal  to  22  kapplines  per  square  inch  of  section  of 
core.  The  core  is  about  four  times  as  long  as  the  solenoid  and  carries  two 
coils  or  solenoids,  which  are  connected  in  series,  so  as  to  form  two  similar 
poles  one  at  each  end  of  the  core  and  an  opposite  pole  in  the  middle. 
The  coils  are  supplied  with  alternating  current  and  cause  the  core  to 
move  to  and  fro  at  the  frequency  of  the  current  in  the  coils,  so  that  if  the 
pump  is  to  make  60  strokes  a  minute  the  frequency  of  the  current  should 
be  60  per  minute.  The  core  and  solenoid  act  similarly  to  a  synchronous 
alternating  motor,  inasmuch  as  the  motor  tends  to  move  at  the  same 
rate,  whatever  the  load  may  be,  provided  that  the  number  of  turns  of  wire 
in  the  coils  of  the  core  are  properly  calculated,  and  the  back  pressure 
produced  in  the  coils  by  the  motion  in  the  field  regulates  the  speed. 
Provision  should  be  made  to  avoid  the  effects  of  momentum  produced, 
when  the  pump  runs  without  water,  but  even  then  the  strokes  of  the 
pump  will  remain  constant,  although  they  may  be  stopped  at  the  end  of 
each  stroke  with  too  great  force.  This  is,  however,  easily  remedied  by 
means  of  an  air-cushion  or  dash-pot. 

Efficiencies  of  Dynamos,  etc. — The  double-circuit  two-pressure  dynamo 
for  working  lighting  circuits  at,  say  200  volts  and  motor  circuits  at  400 
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volts,  being  of  ordinary  design,  and  acting  on  precisely  the  same  principles 
as  the  common  single-circuit  generator,  has  the  same  high  efficiency,  90 
per  cent,  or  more  of  the  energy  applied  to  drive  it  being  returned  as 
electrical  energy. 

The  universal  dynamo  for  generating  continuous  and  polyphase  cur- 
rents simultaneously  is  also  a  machine  essentially  of  high  efficiency,  being 
an  ordinary  design  of  dynamo  so  far  as  the  armature  and  field-magnet  are 
concerned,  and  the  efficiency  can  also  be  made  as  high  as  90  per  cent,  or 
more. 

The  polyphase  motor,  at  one-fourth  of  its  full  load,  has  an  efficiency 
of  75  per  cent. ;  at  half  load,  85  per  cent. ;  at  full  load,  90  per  cent. ;  the 
fall  of  speed  between  no  load  and  full  load  is  only  3  per  cent.,  and  the 
starting  torque  can  be  made  2'5  times  the  full  load  torque. 

The  reciprocating  electric  pump  has  not  a  very  high  efficiency  if  com- 
pared with  a  rotating  motor,  but  when  compared  with  a  rotating  motor 
geared-down  to  drive  a  reciprocating  pump,  it  then  has  quite  as  high 
an  efficiency.  The  gearing  interposed  between  a  high-speed  motor  and 
the  necessarily  slow-speed  pump  generally  wastes  more  power  than  the 
pump  itself,  so  that  in  few  cases  of  small  pumps  driven  by  a  rotary 
motor,  does  the  efficiency  exceed  30  per  cent.  The  reciprocating  electric 
pump  may  not  exceed  this  efficiency,  but  it  has  the  advantage  of 
eliminating  all  gear  and  its  attendant  troubles,  an  obvious  improvement. 

With  old  fashioned  designs,  and  even  with  some  recent  designs  of 
motors,  it  is  necessary  to  assume  a  plant  efficiency  of  only  33  per  cent.,  that 
is,  if  2  horse-power  be  required  a  6  horse-power  motor  should  be  erected. 
It  is  very  desirable  to  provide  an  ample  margin  of  power,  but  with  well- 
designed  machinery  a  large  margin  is  unnecessary,  and  a  plant  efficiency 
of  50  per  cent,  should  be  ample  in  all  cases. 

In  conclusion,  the  author  desires  to  direct  the  attention  of  mining 
engineers  to  the  following  points  : — (1)  The  advantage  of  adopting  an 
electric  dynamo  capable  of  delivering  any  kind  of  current,  so  that  continu- 
ous or  alternating  motors  may  be  used,  together  with  transformers  when 
found  necessary  ;  (2)  if  generators  of  this  class  be  used,  engineers  can 
adopt  all  improvements  that  may  arise  in  the  future  ;  and  (3)  the  great 
flexibility  of  a  mixed  system  working  at  collieries. 


Mr.  G-.  Blake  Walker  said  that  until  the  polyphase  system  was  put 
before  the  members  in  a  practical  shape  in  South  Yorkshire — where  gas 
had  always  to  be  taken  into  account — until  they  got  dynamos  and 
motors  on  this  principle  they  would  be  deterred  from  using  electricity  on 
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a  large  scale.  With  continuous-current  dynamos  there  was  always  the 
objection  of  sparking,  and  he  attached  little  importance  to  the  security 
sought  to  be  obtained  by  enclosing  the  commutator.  Abroad,  polyphase 
motors  were  being  adopted  more  frequently  than  continuous-current 
machines,  and  he  believed  that  the  difficulties  in  their  use  were  being 
overcome.  If  the  dynamo  had  an  efficiency  of  90  per  cent.,  and  the 
current  passed  through  two  transformers,  each  losing  7  per  cent.,  or  14 
per  cent,  together,  and  there  was  further  loss  in  the  motor,  the  efficiency 
would  fall  to  75  per  cent.  Mr.  Kennedy  spoke  of  the  transformers 
being  a  simple,  inexpensive  arrangement,  but  on  a  large  scale  he  scarcely 
thought  that  correct.  His  opinion  was  that  an  alternating-current  plant, 
including  transformers,  would  cost  twice  as  much  as  a  continuous-current 
plant,  although  the  cost  of  cables  was  reduced. 

Mr.  Kennedy  said  the  cost  of  transformers  was  about  £2  10s.  per 
horse-power ;  in  a  small  plant  the  cost  would  be  more,  and  in  a  larger 
plant  it  would  be  less.  It  was  not  always  necessary  to  use  a  transformer 
with  an  alternating  current,  but  with  continuous  current  a  transformer 
could  not  be  used.  The  cost  of  ordinary  continuous  and  alternating- 
current  plant  in  compact  places  was  about  the  same  per  horse-power, 
but  for  long  distances  the  continuous  current  was  much  more  costly. 
The  chief  advantage  of  the  alternating  current  was  that  it  enabled  them 
to  raise  or  lower  the  pressure  as  they  found  it  necessary  at  any  time, 
and  to  use  commutatorless  motors. 

Mr.  E.  "W.  Thirkell  moved  a  vote  of  thanks  to  Mr.  Kennedy  for 
bis  paper. 

Mr.  Garforth  seconded  the  motion,  which  was  agreed  to. 


The  annual  dinner  was  held  in  the  evening  at  the  King's  Head  Hotel. 
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OBITUARY  OF  JOSEPH  MITCHELL. 
By  G.  J.  KELL. 


Mr.  Joseph  Mitchell,  of  Bolton  Hall,  near  Rotberham,  was  the  eldest 
son  of  the  late  Mr.  Joseph  Mitchell,  of  Swaithe  Hall,  Barnsley,  and  of 
Anna,  daughter  of  the  late  Mr.  Binns,  of  Wentworth.  He  was  born  at 
Worsbro'  Dale,  near  Barnsley,  on  September  7th,  1840. 

He  served  his  apprenticeship  with  his  father,  who,  besides  being  a 
colliery  proprietor,  carried  on  the  iron  foundry  at  Worsbro'  Dale,  and  was 
also  engaged  in  sinking  pits  in  the  district,  thereby  affording  his  son  a 
varied,  practical,  and  valuable  insight  into  all  matters  relating  to  his  pro- 
fession of  a  mining,  civil,  and  mechanical  engineer.  On  the  death  of  his 
father  he  assumed  the  entire  management  of  the  foundry,  which  has  for 
many  years  supplied  the  collieries  in  the  district  with  engines,  boilers,  etc. 

Mr.  Mitchell  was  engaged  in  the  sinking  of  Mitchell  Main  colliery,  where 
a  very  large  quantity  of  water  was  encountered,  and  eventually  dealt  with 
successfully  by  him.  His  engineering  knowledge  was  of  great  service  in 
laying  out  the  plant,  sidings,  etc.,  at  this  well-known  and  extensive  colliery. 

Mr.  Mitchell  rendered  valuable  assistance  at  the  lamentable  explosions 
at  the  Edmunds  and  Swaithe  Main  collieries,  the  latter  of  which  he  took 
charge  of  and  put  into  working  order,  after  overcoming  great  difficulties, 
requiring  constant  attendance  and  skill.  He  also  rendered  valuable  help 
at  the  unfortunate  explosion  at  Wharncliffe  Carlton  colliery  in  1883. 

Mr.  Mitchell  was  appointed  secretary  of  the  Midland  Institute  of 
Mining,  Civil,  and  Mechanical  Engineers  in  1879,  and  he  helped  most 
materially  to  raise  the  status  of  that  Institute.  He  attended  with  a 
deputation  and  gave  evidence  before  the  Royal  Commission  on  Accidents 
in  Mines.  In  1881  he  contributed  a  valuable  paper  on  "The  Outburst 
of  Gas  at  the  Mitchell  Main  Colliery."*  During  his  tenure  of  office 
many  important  experiments  were  carried  out  in  connexion  with  safety- 
lamps,  in  which  he  took  a  very  active  part.  In  recognition  of  his 
eminent  services,  he  was  appointed  president  of  the  Institute  in  1890, 
and  retained  that  post  until  1892,  during  which  time  he  rendered  signal 
service  in  all  matters  relating  to  the  well-being  of  the  Institute. 

Mr.  Mitchell  took  deep  interest  in  local  matters  :  he  was  a  member 
for  seventeen  years,  and  chairman  for  fourteen  years,  of  the  Wombwell 
Local  Board.  During  his  term  of  office,  the  Wombwell  sewage  scheme  was 
initiated  and  the  gas-works  purchased.     He  was  always  ready  and  willing 

*  Trans.  Midland  Inst.,  vol.  vii.,  page  212. 
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to  do  all  in  his  power  to  better  the  condition  and  happiness  of  those  around 
him.  His  valuable  knowledge  and  advice  were  eagerly  sought  after,  and 
led  to  his  being  retained  either  as  umpire,  arbitrator,  or  witness  in  most 
of  the  important  cases  in  the  district  and  elsewhere.  He  was  a  great  sup- 
porter of  all  railway  or  canal  schemes  at  all  likely  to  benefit  the  district. 

It  is  largely  through  Mr.  Mitchell's  foresight  and  knowledge  that 
the  people  of  the  township  of  Worsbro'  are  indebted  for  a  supply  of  water 
from  the  Barnsley  corporation.  Owing  to  the  scarcity  of  water  in  the 
Wombwell  district,  he  applied,  in  1879,  along  with  others,  to  Parliament 
for  acquiring  water  from  the  Oaks  rock ;  although  unsuccessful  in  the  first 
attempt,  he  persevered  in  his  efforts,  and  finally  succeeded  in  obtaining 
the  bill  in  1880.  He  had  the  satisfaction  of  seeing  the  works  opened  in 
1884,  whereby  a  population  of  40,000  persons  was  amply  supplied  with 
water  at  an  outlay  of  £32,000. 

Two  years  ago  he  arranged  to  take  2,500  acres-  of  the  Barnsley  coal- 
seam  at  Grimethorpe,  near  Barnsley,  from  Mr.  F.  J.  S.  Foljambe.  The 
sinking  was  commenced  on  October  8th,  1894,  with  the  idea  of  developing 
a  large  coal-field,  which  will  add  materially  to  the  wealth  of  the  district, 
as  well  as  giving  employment  to  a  large  number  of  workmen. 

Mr.  Mitchell  was  an  active  member  and  past-master  of  the  Friendly 
Lodge,  No.  1513,  of  the  Ancient  Order  of  Freemasons  ;  a  governor  of  the 
Yorkshire  College,  a  member  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  fellow  of  the  Geological  Society  of  London, 
a  member  of  the  Iron  and  Steel  Institute,  a  vice-president  of  The  Feder 
ated  Institution  of  Mining  Engineers  (in  which  he  took  particular  interest, 
and  was  one  of  the  promoters),  and  a  member  of  the  Board  of  Examiners 
for  the  Yorkshire  and  Lincolnshire  mining  district.  Mr.  Mitchell  was 
also  director  of  several  companies.  He  was  appointed  a  justice  of  the 
peace  in  1892  ;  indeed,  few  men  have  led  a  more  active  and  useful  life. 

Mr.  Mitchell  married,  on  April  29th,  1862,  Kate,  daughter  of  Mr. 
George  Howe,  of  Boulogne-sur-Mer,  France,  who  survives  him,  with  three 
sons  and  one  daughter,  the  eldest  of  whom,  Mr.  T.  W.  H.  Mitchell,  succeeds 
him  in  the  management  of  the  various  concerns  in  which  he  was  engaged. 

Mr.  Mitchell  will  be  greatly  missed,  not  only  by  his  own  family,  but 
by  a  host  of  personal  friends,  workmen,  and  the  public  generally,  as  he 
was  ever  ready  to  give  advice  and  assistance  to  those  in  need. 

He  was  most  genial  and  faithful  to  all  his  friends,  and  nothing  could 
exceed  his  hospitality  at  Bolton  Hall,  where  he  rejoiced  to  have  them 
around  him.  He  will  be  deeply  mourned  by  all  who  had  the  pleasure 
of  acquaintance  with  a  man  of  such  varied  and  good  qualities. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL   MEETING, 
Held  at  the  Royal  Victoria  Station  Hotel,  Sheffield,  November 

16th,  1895. 


Mr.  JOHN  NEVIN,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following    gentlemen    were    elected,    having    been    previously 
nominated : — 

Members — 
Mr.  Jas.   Gregory,  Assistant  Colliery   Manager,  Lowood  Villa,    Deepcar, 

Sheffield. 
Mr.  Alfred  Hodgkiss,  Colliery  Manager,  The  Grange,  Coppnell,  Chorley. 
Mr.  John  Knowles,  General  Manager,  The  Pearson  and  Knowles  Coal  aDd 

Iron  Company,  Limited,  Wigan. 
Mr.  James  Lambert,  Manager,  The   Hulton  Colliery  Company,  Limited, 

Bolton. 
Mr.  Henry  E.  Maltby,  Colliery  Manager,  Lidgett  Colliery,  near  Barnsley. 
Mr.    Wm.    Peet,    Mechanical    Engineer,    8,    Park    Terrace,    Worsborough, 

Barnsley. 
Mr.  Francis  Joseph  Spence,  Mining  Engineer  and  Metallurgist,  94,  South 

Terrace  West,  Adelaide. 
Mr.  Richard  Spencer,  Mining  Engineer  and   Surveyor,   Hanover  Square, 

Leeds. 
Mr.  Thomas  Allen  Turner,  Mining  Surveyor,  Aldwarke,  Rotherham. 

Associate  Members — 
Mr.  George  Dunston,  Colliery  Proprietor,  Hatfield  Grange,  Doncaster. 
Mr.  John  Grange  Firth,  Engineer  and   Colliery  Stores  Factor,  Hunslet 

New  Road,  Leeds. 
Mr.  Percy  William  Douglas  Standring,  Agent  and  Secretary,  Strafford 
Collieries,  Limited,  Barnsley. 

Students — 
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THE  LATE  MR.  RICHARD  CARTER,  C.E. 
Mr.  A.  M.  Chambers  (Thorncliffe  collieries)  said  he  had  the  melan- 
choly duty  of  moving  a  vote  of  condolence  with  the  relatives  of  the  late 
Mr.  Richard  Carter  on  the  occasion  of  his  decease.  Mr.  Carter  was  one 
of  the  founders  of  the  Institute,  and  he  had  rendered  it  undoubted 
services  of  the  greatest  value.  He  was  President  for  several  years,  and 
always  took  the  deepest  interest  in  the  affairs  of  the  Institute.  It  had 
been  a  great  misfortune  that  during  the  last  few  years  Mr.  Carter's 
health  had  not  permitted  him  to  attend  the  meetings  as  he  used  to  do, 
but  he  was  certain  that  the  members  of  the  Institute  had  the  greatest 
affection  and  regard  for  him.  He  moved  that  an  expression  of  their 
deepest  regret  at  his  removal  from  amongst  them,  and  condolence,  and  of 
their  appreciation  of  his  high  character  be  entered  on  the  minutes,  and 
forwarded  to  the  relatives  of  the  deceased  gentleman. 

Mr.  C.  E.  Rhodes  (Aldwarke  Main  colliery)  seconded  the  motion, 
saying  that  the  Institute  had  incurred  a  great  loss  in  the  death  of  Mr. 
Carter.  The  older  members  of  the  Institute,  those  who  were  chiefly 
instrumental  in  forming  the  Institute,  were  being  gradually  removed 
from  amongst  them.  Nobody  had  worked  harder  for  that  Institute 
than  Mr.  Carter. 

The  motion  was  carried  in  silence. 


Mr.  Alex.  Reid  read  the  following  paper  on  "  Methods  of  Closing 
the  Tops  of  Upcast  Winding  Shafts" : — 
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METHODS  OF  CLOSING  THE  TOPS  OF  UPCAST  WINDING 

SHAFTS. 


By  ALEXANDER  RE  ID. 


The  use  of  the  upcast  shaft  as  a  winding  shaft  is  not,  by  any  means, 
commendable,  and  to  venture  on  a  paper  describing  the  necessary 
arrangements  for  closing  the  top  of  the  upcast  shaft,  when  used  for 
winding,  and  for  keeping  the  ventilating  current  constant  in  the  mine, 
seems  at  the  outset  to  be  a  subject  of  scant  interest  in  progressive  mining 
engineering. 

While  one  would  not  think  of  laying  out  a  new  colliery  of  any 
magnitude  with  a  view  to  the  use  of  the  upcast  shaft  for  winding 
purposes,  there  are  many  cases  where  the  demand  for  increased  output 
can  only  be  met  by  so  using  the  upcast  shaft.  In  the  case  of  the  Ffrwd 
and  other  collieries,  where  the  shafts  have  been  sunk  of  insufficient 
dimensions  to  allow  of  two  cages  passing  in  the  shaft,  a  cage  runs  in 
each  shaft  with  the  head-gears  placed  tandem-wise.  Consequently  the 
obstruction  of  cages  in  the  upcast  shaft  must  be  tolerated,  and  a  method 
of  closing  the  top  of  the  shaft  becomes  necessary. 

The  method  that  first  suggests  itself  is  to  completely  fit  the  top  of 
the  fan-pit  with  a  box,  allowing  room  above  the  landing-plates  for  the 
cages,  and  this  fan-box  is  itself  enclosed  in  an  air-tight  chamber,  in 
which  there  is  space  for  unloading  the  cages  and  changing  the  tubs. 
Access  to  the  cage  is  gained  by  a  door,  placed  on  the  fan-box,  and  this 
may  be  hinged  or  made  to  slide,  and  when  it  is  closed  the  door  of  the 
outer  chamber  can  be  opened.  This  arrangement  resembles  the  ordinary 
doubled  separation-doors  of  the  mine,  accompanied  with  the  attendant 
troubles  of  opening  and  closing  the  same.  The  method  is  cumbrous  and 
inconvenient,  and  at  its  best  far  from  efficient,  owing  to  the  difficulty  of 
keeping  the  doors  and  chambers  air-tight. 

Following  on  this  we  have  the  pit  boxed  in  above  the  level  of  the 
plates,  and  an  arrangement  as  shown  in  Figs.  1  and  2  (Plate  XI.). 
The  sliding-doors  being  automatic  are  certainly  an  improvement,  but  as 
in  the  case  of  the  old  arrangement  at  the  Ffrwd  collieries,  where,  owing 
to  the  severe  shock,  iron  doors  weighing  11  cwts.  were  employed  (for 
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wooden  doors  were  destroyed  in  a  single  day),  the  wear  on  the  winding 
rope  was  very  excessive.  The  shaft  is  420  feet  deep,  and  as  the  wind 
only  occupies  17  seconds,  there  is  little  time  for  gentle  handling  of  the 
pit-head  doors.  When  these  doors  are  half-open,  there  is  a  very  heavy 
leakage  of  air,  and  although  the  time  is  short  a  very  appreciable  lull  in 
the  ventilating  current  is  felt  throughout  the  workings.  An  arrange- 
ment of  pistons  is  suggested  (Figs.  1  and  2)  for  lifting  the  sliding-doors, 
the  valves  being  controlled  by  levers  actuated  by  the  ascending  and 
descending  cage.  This  arrangement,  improved  as  it  is,  however,  seems 
to -suggest  more  complications  than  advantages. 

Another  automatic  arrangement  of  air -doors,  designed  for  the  same 
shaft,  is  shown  in  Figs.  3  and  4  (Plate  XI.),  and  it  would  probably  be 
costly  to  erect,  expensive  to  maintain,  and,  as  with  the  sliding-doors, 
there  would  probably  be  a  serious  loss  or  leakage  of  air  when  the  doors 
were  half -open. 

The  arrangement  designed  by  the  writer  for  the  top  of  the  fan-pit  is 
shown  in  Figs.  5  and  6  (Plate  XL),  and  has  been  working  most 
successfully  at  Ffrwd  No.  3  pit  for  the  past  two  years.  It  consists  of  a 
wrought-iron  casing  A,  enclosing  the  cage  with  a  little  clearance  all 
round,  built  into  the  pit,  and  rendered  air-tight  from  the  bottom  of  the 
casing  to  the  landing-plates.  On  the  side  of  the  casing  communicating 
with  the  lower  level  G,  a  door,  D,  is  hinged  to  the  casing,  and  kept 
bolted  to  the  angle-iron  of  the  casing,  as  it  is  only  required  to  be  opened 
under  such  exceptional  circumstances  as  taking  off  the  cage  for  repairs. 
In  the  event  of  requiring  to  use  the  cage  at  the  lower  level  for  the 
reception  of  timber  or  materials,  there  is  no  possibility  of  any  leakage 
from  the  casing. 

It  will  be  noticed  in  the  plan  of  this  arrangement  (Fig.  6)  that 
considerable  clearance  is  provided  between  the  cage  and  the  casing  on 
the  sides  next  the  conductors,  and  the  writer  is  of  opinion  that  greater 
efficiency  would  be  obtained  were  the  guides  sunk  into  suitable  recesses 
in  the  casing.  The  top  of  the  shaft,  flush  with  the  landing-plates,  is 
covered  with  a  light  wooden  door  E,  which  with  its  stays  weighs  about  1 
cwt.  The  boarding  of  the  door  is  made  of  crossed  poplar  boards  enclosing 
brattice-cloth  between  them.  The  joint  between  the  door  and  the  landing- 
plates  is  made  by  india-rubber,  and  the  winding-rope  works  through  a 
hole  in  the  centre  of  the  door.  Enveloping  the  capping  of  the  winding- 
rope  is  a  light  wrought-iron  pipe  F  (3  feet  long  and  6  inches  in  internal 
diameter)  fitted  with  flanges  at  both  ends.  The  lower  flange  of  the  pipe 
is  bolted  to  a  block  of  timber  Q  (15  inches  square  by  6  inches  thick), 
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which  j'ests  on  the  lowest-  pair  of  clamps  of  the  winding-rope,  these  clamps 
being  neatly  tooled  to  prevent  injury  to  the  rope.  An  india-rubber 
buffer  H  (15  inches  in  diameter  by  6  inches  thick)  is  fixed  to  the 
upper  flange  of  the  pipe. 

When  the  top  cover  of  the  cage  enters  the  casing  A,  the  pull  of  the 
fan  is  taken  off  the  top  door  E,  the  winding-rope  receives  no  shock  in 
lifting  the  light  wooden  door,  and  the  cage  acts  as  a  door  closing  the 
shaft  above  the  level  of  the  fan-drift. 

With  this  arrangement,  there  is  no  loss  of  air  by  leakage  and  the 
ventilating-current  is  maintained  in  the  mine  during  each  winding. 
Recent  measurements  of  the  ventilation  in  the  shaft  showed  a  current  of 
62,132  cubic  feet  of  air  per  minute  with  the  cages  in  the  pit,  and  of 
64,109  cubic  feet  of  air  per  minute  with  the  door  open  and  the  cage  in 
the  casing,  as  shown  in  Fig.  5.  The  increased  quantity  is  wholly  due 
to  the  removal  of  the  cage  as  an  obstruction  to  ventilation. 

This  arrangement  is  applicable  to  upcast  shafts  with  two  cages  in  the 
pit,  by  the  use  of  separate  casings  for  each  cage,  and  of  separate  doors 
upon  the  top  of  the  shaft.  The  two  casings  could  either  be  stayed 
together,  or  made  as  one  casing  with  a  central  division.  Where  rope 
guides  are  used,  receiving-rods  are  rendered  necessary  so  as  to  secure 
rigidity,  and  to  avoid  any  risk  of  the  cages  coming  into  contact  with  the 
casing. 

AY  he  re  detaching-hooks  are  employed,  slight  alterations  of  the  details 
at  the  top  of  the  pit  will  be  necessary.  The  writer  suggests  as  a  suitable 
arrangement  that  the  ears  running  on  the  guides  of  the  door  E  (Fig.  5) 
should  be  fitted  with  small  rollers,  and  that  the  door  itself  should  be 
fastened  together  in  two  segments,  capable  of  being  split  transversely  with 
the  guides.  In  the  event  of  an  over-winding,  the  small  rollers  inside  the 
guiding-ears  of  the  door  E  could  be  made  to  mount  on  short  inclined 
wedge-shaped  projections  on  the  guides,  at  the  limit  of  travel  of  the  doors. 
The  buffer  tube  G  F II  should  be  arranged  so  as  to  go  through  the 
detaching-frame  and  allow  the  detaching-hook  to  act.  The  doors,  split 
open  outwards,  would  be  caught  by  the  cage,  at  rest,  after  being  detached 
from  the  rope,  and  a  light  wooden  door  could  be  placed  on  the  top  of 
the  opening  of  the  casing,  so  as  to  maintain  the  ventilating-current 
during  the  attachment  of  the  winding  rope  to  the  cage.  In  the  case 
which  has  come  within  the  writer's  experience,  an  automatic  compressed- 
air  brake  applied  to  the  winding-engines  takes  the  place  of  detaching- 
hooks. 
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In  conclusion,  the  writer  claims  the  maximum  of  efficiency  and  con- 
venience and  the  minimum  of  cost  of  erection  and  maintenance  for  this 
arrangement  over  any  other  method  of  closing  the  top  of  an  upcast 
winding  shaft. 


Mr.  C.  E.  Rhodes  (Aldwarke  Main  colliery)  said  that  the  utilization 
of  the  upcast  shaft  for  winding  minerals  would  necessarily  increase  in  the 
future,  on  account  of  the  great  depths  and  the  costly  character  of  colliery 
undertakings.  At  Cadeby  colliery,  for  instance,  where  the  shafts  were 
not  only  of  great  depth,  and  great  difficulties  had  been  encountered  in 
sinking  owing  to  the  character  of  the  strata,  the  sinking  of  a  third  shaft 
for  winding  purposes  would  have  enormously  increased  the  outlay,  and 
therefore  the  utilization  of  the  upcast  shaft  became  a  necessity.  The 
arrangement  described  by  Mr.  Reid  seemed  to  be  a  convenient  one;  at  the 
same  time  he  (Mr.  Rhodes)  thought  that  the  best  method  of  using  an 
upcast  shaft  for  winding  purposes  was  to  build  a  chamber  at  the  surface 
large  enough  to  take  in  the  top  of  the  upcast  shaft  and  the  other  arrange- 
ments necessary  for  banking.  A  cage  with  two  or  three  decks  of  coal 
could  be  raised  to  the  surface  inside  this  closed  chamber,  the  self-acting 
doors  being  lifted  by  the  cage.  When  the  coal  was  banked  and  the  cage 
left  the  surface  these  doors  would  be  closed,  and  the  coal  could  then  be 
sent  through  a  second  door  out  of  the  chamber  to  the  weighing-machine 
and  to  the  screens  by  creepers,  or  any  other  method  which  was  most  con- 
venient. He  had  found  that  system  a  convenient  arrangement,  and  there 
was  no  difficulty  in  raising  a  very  large  quantity  of  coal  per  day  without 
increasing  the  cost  of  banking,  fie  (Mr.  Rhodes)  moved  a  vote  of 
thanks  to  Mr.  Reid  for  his  paper. 

Mr.  G.  Blake  Walker,  in  seconding  the  motion,  said  the  paper  had 
been  of  special  interest  to  him,  as  he  had  been  working  out  the  details  of 
a  similar  arrangement  for  some  time  past,  but  had  not  up  till  then  been 
able  to  satisfy  himself  that  it  would  work  practically  without  trouble,  and 
he  had  consequently,  for  the  time  being,  abandoned  the  idea. 

The  President  said  he  gathered  that  at  Aldwarke  colliery  there  was 
a  door  on  the  shaft  which  answered  as  one  separation-door,  and  a  door 
on  the  chamber  which  acted  as  the  second  separation-door. 
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Mr.  C.  E.  Ehodes  said  that  at  Aldwarke  colliery  there  was  a  box  at 
the  lower  landing,  so  that  the  bottom  of  the  cage  acted  as  a  door  (more 
or  less  efficiently)  ;  and  on  reaching  the  surface,  sliding-doors  were  lifted 
by  the  cages;  when  these  doors  were  open  the  banking  was  done  in  the 
chamber,  and  the  tubs  were  run  through  another  door  to  the  screening- 
belts. 

Mr.  Eeid  was  obliged  to  the  members  for  the  vote  of  thanks.  He 
feared  that  at  the  outset  of  his  paper  he  had  spoken  in  condemnatory 
language  of  the  system  which  Mr.  Rhodes  approved.  Sliding-doors  were 
tried  at  the  Ffrwd  collieries  for  many  years,  but  the  wear  of  the  winding- 
ropes  became  excessive.  Iron  doors  were  used,  and  the  wear  and  tear  was 
50  per  cent,  greater  than  that  of  the  rope  running  in  the  downcast  shaft. 
The  system  Mr.  Rhodes  described  would  work  satisfactorily  if  light 
wooden  doors  were  used. 

Mr.  0.  E.  Rhodes  stated  that  wooden  doors  were  used  at  Aldwarke 
colliery. 

Mr.  Reid  said  that  wooden  doors  had  been  tried  at  the  Ffrwd 
collieries,  but  they  were  speedily  destroyed  owing  to  the  high  speed  of 
landing  the  cage  on  to  the  pit  bank. 


Mr.   A.   W.    Bennett   read   the  following   paper  on   ';  Telephonic 
Communications  in  and  about  Coal-mines  "  : — 
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TELEPHONIC  COMMUNICATIONS  IN  AND  ABOUT 
COAL-MINES. 

By  A.  W.  BENNETT. 

It  is  less  than  twenty  years  since  Prof.  Bell  invented  the  first  really 
practical  telephone  or  instrument  by  which  not  only  musical  sounds  but 
articulate  speech  could  be  transmitted,  or  reproduced,  at  a  considerable 
distance  from  the  speaker.  Yet,  when  one  considers  the  world-wide 
progress  that  has  been  made  in  the  direction  of  speaking'  intercommunica- 
tion, the  writer  may  perhaps  be  excused  if  he  attempts  to  eulogize, 
expecting  yet  greater  things  in  the  near  future.  It  is  not  to  the  possi- 
bilities of  talking  with  engineers  in  Europe,  America,  or  Australia,  that 
attention  is  here  directed,  but  to  the  more  homely  matter  of  communica- 
tions in  and  about  collieries,  in  which  the  writer  has  been  engaged  for 
over  fourteen  years.  During  this  time,  the  Bell  and  Edison  patents  made 
the  telephone  a  monopoly,  and  little  was  done  in  the  way  of  applying  it 
to  pits.  Some  engineers  bought  telephones  which  were  confiscated  as 
infringements  of  these  patents,  and  others  rented  them  where  they  con- 
sidered that  the  advantages  of  their  use  would  pay  the  rental. 

During  the  last  five  years,  however,  various  methods  of  connecting, 
by  speaking  communication,  various  places  in  and  about  mines  have  been 
developed  by  mining  engineers,  both  fixed  and  portable  telephones  being 
generally  introduced,  and  no  doubt  more  extensive  use  will  be  made  in 
the  future  with  advantage  to  those  responsible  for  the  safe,  efficient,  and 
economical  working  of  collieries. 

The  apparatus  used  generally  consist  of  (1)  an  electric  bell  to  call 
attention,  rung  by  a  battery  or  magneto-electric  generator ;  (2)  an  auto- 
matic switch  to  throw  the  bell  out  of,  and  the  speaking  part  into,  the 
circuit,  and  the  reverse,  as  required  ;  (3)  a  transmitter  (of  speech) ;  and 
(4)  a  receiver  (of  speech).  The  transmitter  and  receiver  form  sometimes 
one  and  the  same  instrument,  answering  both  purposes,  technically  known 
as  a  receiver,  or  two  similar  receivers,  one  used  as  transmitter,  may  be 
used  for  convenience,  being  interchangeable. 

The  bell  may  be  an  ordinary  electric  signal-bell  or  a  smaller  bell  rung 
from  a  battery  by  pressing  a  push  or  key,  or  a  magneto-generator  and 
bell.  Either  may  be  best,  though  for  dusty,  damp,  and  dirty  places,  the 
battery  arrangement  is  generally  preferable. 
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The  switch  is  generally  a  lever,  with  a  hook  at  one  end  of  it,  on  which 
the  receiver  is  hung  ;  the  weight  of  the  receiver  when  on  the  hook  puts 
the  bell  into,  and  the  speaking  portion  out  of,  the  circuit ;  when  off,  a 
spring  (usually  spiral)  puts  the  speaking  part  into,  and  the  bell  out  of, 
circuit. 

The  transmitter  is  usually  a  plate,  board,  or  diaphragm  held  round  its 
circumference,  and  connected  to  it  is  a  carbon  arrangement,  rods,  balls, 
and  plates,  or  plates  and  granules,  to  vary  the  resistance,  and  thereby  the 
current  in  a  battery  circuit.  This  circuit  is  generally  a  local  one,  part 
of  it  being  the  primary  (and  low  resistance)  coil  of  an  induction-coil 
without  an  interrupter  or  contact-breaker,  the  secondary  coil  is  in  the 
main  circuit,  and  the  induced  currents  act  on  the  receiver-diaphragm. 

The  receiver  is  generally  a  magnet  in  a  case  with  a  diaphragm  and  a 
coil  of  fine  wire  on  one  end.  The  Collier- Marr  telephone  is,  however, 
rather  different,  the  coil  being  placed  on  a  separate  iron  core.  When 
used  as  a  receiver,  in  either  case,  the  variations  of  current  cause  the 
diaphragm  or  diaphragms  to  vibrate  in  unison  with  the  sound-vibrations 
received  by  the  transmitter  ;  when  used  as  a  transmitter  the  sound-wave 
vibrations  cause  the  diaphragm  or  diaphragms  in  their  rapid  advances  to 
and  retrogressions  from  the  magnet  or  core  to  induce  currents  capable  of 
acting  on  another  receiver  like  the  variations  caused  by  a  microphone, 
though  not  generally  to  so  great  an  extent.  Generally,  the  reproduced 
speech  is  not  quite  so  loud,  although  the  simplicity  of  the  magnetic  tele- 
phone only  makes  it  better  than  a  microphone  for  places  where  no  skilled 
electrician  is  employed  or  his  services  are  not  available  to  look  after  it. 


As  a  microphone  set 
for  underground  use,  the 
writer  prefers  the  Stead 
carbon  -  ball  transmitter 
(Figs.  1  and  2) ;  it  con- 
sists of  a  carbon  block 
provided  with  live  holes, 
in  which  lie  (one  in  each) 
small  carbon  balls,  in  front 
of  which  a  carbon  plate 
is  placed.  The  induction- 
coil,  etc.,  are  of  the  usual 
construction. 


FIG.  1. 


Fig.  2. 


Stead    Carbon-Ball    Transmitter. 
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The  Collier-Marr,  double-pole  Bell,  or  Ader  receivers,  are  all  suitable 
for  use  with  or  without  the  microphone.     A  special  point  about  the 
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transmitter  and  the  receivers  referred  to  is  that  there  are  no  springs, 
regulating-screws,  or  other  small  parts  likely  to  become  deranged. 

The  above  form  the  apparatus  for  a  station,  and  the  lines  or  con- 
nexions will  now  be  described.  The  lines  must  run  between  each  two 
stations,  so  as  to  form  a  circuit.  Several  stations  may  be  worked  with  the 
same  pair  of  mains  or  lines,  or  one  line  only,  and  an  earth,  a  wire-rope,  or 
the  rails  of  an  engine-plane,  may  form  the  return,  but  generally  two  wires 
or  a  so-called  metallic  circuit  is  best:  only  one  wire  need  be  insulated,  by 
being  either  covered  wire  or  a  bare  wire  fastened  to  insulators  of 
earthenware  or  glass.  When  several  stations  are  worked  from  one  pair  of 
mains,  every  station  is  called  whenever  any  one  is  required.  Each  has  a 
number,  and  he  whose  number  is  rung  alone  attends  or  should  attend  to 
it.  The  writer  has  fitted  several  of  those  installations  in  coal-mines,  with 
as  many  as  twelve  stations  upon  one  pair  of  wires,  the  return  wire  serving 
for  engine  plane  signals  as  well.  In  other  cases,  the  ordinary  haulage 
electric  signal-wires  only  are  used,  a  special  number  being  arranged  as  a 
signal  for  the  telephone,  after  which  two  receivers  are  connected  by  small 
clips  at  the  end  of  cords  on  to  the  wires  and  conversation  is  carried  on  :  the 
caller  may  be  at  any  part  of  the  engine-plane,  and  carrying  the  receiver — 
generally  one  Collier-Marr  or  one  or  two  Ader  or  watch  telephones. 

These  arrangements,  however,  although  very  good  for  some  mines, 
hardly  meet  the  requirements  of  others.  Thus  for  large  mines  it  may  not 
be  desirable  to  call  every  station  to  speak  to  one  station  with  the  chance  that 
some  station  may  mistake  the  number  and  so  waste  time.  To  overcome 
this  inconvenience,  any  convenient  station  may  be  made  an  exchange 
station,  all  the  lines  coming  separately  to  it,  and  one  return  wire,  with 
branches  as  required,  serves  for  all.  This  arrangement  works  very 
efficiently  if  there  be  always  some  one  at  the  exchange  station  who  will  do 
his  duty,  otherwise  much  time  may  be  wasted. 

There  is  another  system  which  has  not,  so  far  as  the  writer  is  aware, 
been  tried  in  collieries,  but  which  has  been  tried  elsewhere,  and  he 
would  like  to  submit  it  for  the  criticism  of  the  members.  It  is  a 
system  by  which  every  station  can  call  any  other  station  directly  and 
separately,  without  the  intervention  of  an  exchange  station.  It  is 
accomplished  by  means  of  a  cable,  containing  as  many  separately 
insulated  wires  (braided  a  different  colour  or  combination  of  colours 
for  distinction)  as  the  number  of  stations,  plus  two,  one  being  used  as 
a  return,  and  the  other  as  a  spare  wire  in  case  any  one  fails.  This  cable 
is  led  to  each  station  in  turn,  preferably,  where  practicable,  completing  a 
circuit  as  shown  in  Fig.  1.     The  switchboards  at  each  station  are  mini- 
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bered,  say  for  five  stations,  1,  2,  3,  4,  5  ;  2,  3, 4,5, 1  ;  3,  4,  5,  1,  2  ;  4,  5, 
1,  2,  3  ;  and  5,  1,  2,  3,  4  respectively,  the  first  number  on  each  switch 
being  the  number  of  the  station  itself.  Each  station  keeps  its  switch-lever 
at  the  first  number,  and  when  it  is  there  any  station  can  call  that  number. 
When  the  man  in  charge  wants  to  call  anyone  else,  he  turns  the  swritch 
to  the  number  he  wants,  and  calls  it  up.  Wire  1  always  goes  to  terminal 
1,  wire  2  to  terminal  2,  and  so  on  everywhere.  In  the  ideal  sketch  shown 
(Fig.  3)  No.  1  station  is  in  the  head  office,  No.  2  is  placed  at  No.  1  pit- 
bottom,  No.  3  is  an  in-bye  station,  No.  4  is  at  No.  2  pit-bottom,  and  No. 
5  is  the  lamp-room  or  some  convenient  place  at  the  top  of  No.  2  shaft. 
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Pig.  3.— Through,  separate  and  duplex  communication  between  five  stations: 
No.  1  station  is  calling  No.  4,  and  No.  3  is  calling  No.  2. 


If  not  very  far,  for  the  convenience  of  having  two  mains  in  case  of  any 
accidental  interruption,  the  cable  may  pass  from  No.  5  to  No.  1  station. 
Such  an  arrangement  would  (with  probably  more  in-bye  stations)  be  of 
great  service  in  ordinary  working,  and  might  be  invaluable  in  that  often 
unreckoned  for  but  lamentably  possible  occurrence  an  explosion  of  fire- 
damp, as  one  way  might  remain  good  with  the  other  ruptured  or  des- 
troyed. 
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Mr.  H.  B.  Nash  (Clarke's  Old  Silkstone  colliery)  said  that  he  sup- 
posed the  system  described  by  Mr.  Bennett  would  necessitate  the  use  of  a 
great  multiplicity  of  wires  ? 

Mr.  Bennett  said  that  he  suggested  the  use  of  a  number  of  insulated 
wires  braided  into  one  cable. 

Mr.  Nash  asked  whether  the  cable  would  be  destroyed  in  case  of 
an  explosion  ? 

Mr.  Bennett  replied  that,  if  one  circuit  was  destroyed,  the  other  one 
would  be  available.  If  one  cable  from  a  telephone-station  was  intact,  it 
would  be  as  useful  as  if  both  were  intact. 

Mr.  C.  E.  Rhodes  said  that  there  need  be  no  waste  of  time  if  each 
station  was  signalled  to  by  a  different  number  of  strokes  on  the  call-bell. 
With  a  central  exchange  at  the  pit-bottom,  any  number  of  stations  could 
be  communicated  with,  and  by  connecting  this  exchange  at  the  pit- 
bottom  with  the  office  on  the  surface,  communication  could  be  made  with 
any  part  of  the  pit,  however  large.  He  had  found  this  arrangement  to 
be  most  convenient. 

Mr.  Bennett  presumed  that  Mr.  Rhodes  had  always  somebody  at  the 
pit-bottom  ;  but  everyone  might  not  be  so  fortunate  in  that  respect. 

Mr.  Rhodes  said  there  was  no  reason  why  the  surface  office  should 
not  be  in  communication  with  all  of  the  underground  stations. 

Mr.  Bennett  said  in  that  case  all  the  branch  wires  would  have  to 
pass  up  the  shaft. 

The  President  said  that  wires  were  not  so  liable  to  injury  in  the 
shaft  as  on  the  underground  roads. 

Mr.  Rhodes  said  that  there  was  only  a  single  wire  up  the  shaft,  and 
12  miles  of  cable  were  in  use. 

Mr.  Bennett  said  that  by  his  proposed  plan  one  would  be  able  to  call 
up  any  telephone  station  without  having  to  call  the  attendant  at  the 
central  exchange.  The  idea  was  to  do  away  with  the  exchange,  which 
possessed  no  advantage. 

Mr.  Rhodes  said  that  the  use  of  the  telephone  must  grow  in  collieries, 
and  in  case  of  accident  it  was  most  convenient. 

Mr.  Thirkell  moved  a  vote  of  thanks  to  Mr.  Bennett  for  his  paper. 
Mr.  Nash  seconded  the  motion,  which  was  agreed  to. 

The  meeting  then  closed. 
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MIDLAND    INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 
Held  at  the  Institute  Room,  Barnsley,  December  14th,  1895. 


Me.  JOHN  NEVIN,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The    following    gentlemen    were    elected,  having    been    previously 
nominated : — 

Members — 
Mr.  John  Wm.  Craven,  Mechanical  Engineer,  Westgate  Common  Foundry, 

Wakefield. 
Mr.  Herbert   Hinchliffe,  Assistant  Manager,  Bullhouse   Colliery,  Peni- 

stone,  Sheffield. 
Mr.  Wm.  Sutton,  Colliery  Manager,  New  Hemsworth  Colliery,  Wakefield. 
Mr.  Bateman  Wanless,  Mechanical  Engineer,  Garforth,  Leeds. 

Student — 
Mr.  Harry  Rhodes,  Mining  Student,  Rotherham  Main  Colliery,  Rotherham. 


Mr.   H.  St.  John   Durnford  read  the  following   "  Notes  on  the 
Sinking  of  the  No.  1  Pit  at  the  Ackton  Hall  Colliery  "  : — 
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NOTES  ON  SINKING  AT  ACKTON  HALL  COLLIERY. 


NOTES  ON  THE  SINKING  OF  THE  No.  1  PIT  AT  THE 
ACKTON  HALL  COLLIERY,  WITH  SPECIAL  REFER- 
ENCE TO  THE  THINNING  OUT  OF  THE  SILKSTONE 
AND  BEESTON  COAL-SEAMS. 


By  H.   ST.  JOHN  DURNFORD. 


The  sinking  of  the  No.  1  Pit  at  the  Ackton  Hall  colliery  was 
commenced  on  October  17th,  1892.  It  might  be  as  well  to  state  that  the 
colliery  is  situated  between  Wakefield  and  Pontefract,.  on  the  Lancashire 
and  Yorkshire  Railway,  and  in  close  proximity  to  the  Featherstone 
station,  about  200  feet  to  the  north  of  the  railway.  The  nearest  colliery 
at  present  working  is  the  Featherstone  Main,  about  \  mile  further  north, 
the  shaft  is  sunk  to  the  Haigh  Moor  coal-seam,  and  both  that  and  the 
Stanley  Main  coal-seam  are  worked  (Fig.  1). 


>FOXnOLES  CCIil^R* 
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Fig.  1.-  Plan  showing  the  position  of  collieries  in  the  vicinity  of  Pontefract. 

The  sinking  at  the  Ackton  Hall  colliery  was  practically  dry,  the  only 
water  of  any  quantity  being  met  with  at  a  depth  of  210  feet ;  it  was  kept 
back  with  cement-walling  and  a  watertight  curb,  rendering  the  shaft 
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below  that  point  absolutely  dry.  The  water  is  collected  in  water-lodges, 
and  pumped  to  the  surface  by  an  electrically  worked  three-throw  horizontal 
pump,  and  is  used  for  feeding  the  boilers. 

The  pit  is  18  feet  in  diameter,  and  is  lined  throughout  with  10  inches 
of  brick-work,  set  in  mortar,  resting  on  thirty  14  inches  cast-iron  curbs, 
having  an  average  distance  between  them  of  180  feet.  There  are  7 
watertight  curbs,  which  are  more  carefully  wedged  at  the  back  than  the 
others,  although,  as  a  matter  of  fact,  any  one  of  the  curbs  in  the  pit  is 
sufficient  to  keep  back  a  moderate  amount  of  water. 

The  principal  coal-seams  met  with  in  the  sinking  are  the  Stanley 
Main,  at  a  depth  of  726  feet,  the  Warren  House  or  Barnsley  coal-seam 
at  a  depth  of  1,000  feet,  and  the  Haigh  Moor,  at  a  depth  of  1,206^ 
feet,  particulars  of  which  are  appended ;  and  the  Silkstone  coal-seam,*  at  a 
depth  of  1,724  feet,  which  was  found  to  be  29  inches  thick.  There  are 
besides  these  coal-seams  two,  if  not  others,  which  may  prove  to  be  work- 
able, namely,  the  Mapplewell,  at  a  depth  of  837  feet ;  the  shale  coal-seam, 
at  a  depth  of  669  feet,  which  is  of  excellent  quality,  but  only  about  2  feet 
thick ;  and  possibly  the  Beeston,  which  lies  about  400  feet  below  the 
Silkstone  coal-seam. 

In  the  majority  of  pits  in  this  neighbourhood  the  Silkstone  four  feet, 
or  Johnny  coal-seam,  is  found  100  to  120  feet  above  the  Silkstone  coal- 
seam,  and  to  this  circumstance  the  writer  would  like  to  draw  special 
attention,  as  it  has  been  the  cause  of  the  expenditure  of  a  large  sum  of 
money.  The  Haigh  Moor  coal-seam  was  found  to  exist  at  a  depth  of 
1,206|  feet,  and  the  Silkstone  coal-seam  in  this  district  occurs  at  500  to 
600  feet  below,  with,  as  has  been  mentioned,  the  Johnny  or  Silkstone 
four  feet  coal-seam  some  100  feet  above  it,  the  two  seams  being  worked 
at  some  collieries  in  the  neighbourhood. 

When  the  sinking  had  proceeded  to  a  depth  of  1,724  feet,  a  coal-seam 
was  met  with  29  inches  thick,  of  fair  quality,  but  not  in  appearance  like 
the  Silkstone  coal-seam,  there  being  an  absence  of  the  usual  "hards" 
which  are  always  present  in  it.  The  sinking  was  pushed  on,  and  it  was 
expected  daily  that  the  true  Silkstone  coal-seam  would  be  found.  No 
seam  of  importance,  however,  was  discovered,  and  a  bore-hole  was  put 
down  with  some  difficulty,  owing  to  the  strata  being  exceptionally  hard, 
to  a  depth  of  over  90  feet.  Still  no  coal  could  be  found.  The  only  seam 
which  was  passed  through  was  supposed  to  be  about  17  inches  thick. 
When  the  bore-hole  with  the  appliances  at  hand  had  been  put  down  to  as 
great  a  depth  as  possible  sinking  was  recommenced,  and  at  a  depth  of  1,808| 

*  The  so-called  Silkstone  coal-seam  is  the  same  as  the  Middleton  main  coal-seam. 


106  NOTES  ON  SINKING  AT  ACKTON  HALL  COLLIEEY. 

feet  from  the  surface  the  coal-seam  passed  through  in  the  bore-hole  was 
proved.  It  was  found  to  be  18  inches  thick,  and  seemed  of  excellent 
quality,  not  unlike  the  Silkstone  "softs."  All  engineers  were  agreed  that 
this  was  the  wrong  sort  for  the  Silkstone  coal-seam,  and  its  thinness  was 
the  cause  of  great  disappointment.  It  was,  however,  decided  to  push  the 
sinking  forward  to  the  Beeston  coal-seam,  which,  at  a  distance  of  about  4 
miles  from  Ackton  Hall  colliery,  is  found  (300  feet  below  the  Silkstone 
coal-seam)  of  good  quality  and  4  feet  thick.  The  sinking  proceeded  to  a 
depth  of  2,126  feet  from  the  surface,  reached  in  November,  1894,  with  the 
result  that  a  coal-seam  was  found  in  appearance  like  the  Beeston,  but  only 
17  inches  thick. 

The  writer  appends  a  section  of  the  strata  passed  through  below  the 
Haigh  Moor  coal-seam,  at  a  depth  of  1,206^  feet,  to  the  bottom  of  the 
shaft,  and  from  this  it  will  be  seen  that  several  thin  coal-seams  were 
found. 

The  question  then  arose  as  to  which  of  these  was  the  Silkstone  and 
which  the  Beeston  coal-seam.  As  this  latter  was  supposed  to  be  300  feet 
below  the  Silkstone  coal-seam,  and  the  latter  seam  from  500  to  600  feet 
below  the  Haigh  Moor,  it  was  supposed  that  the  seam  18  inches  thick, 
at  a  depth  of  1,808^  feet,  was  the  proper  seam,  and  not  having  found  any 
coal-seam  above  24  inches  in  thickness  below  that  point,  it  was  decided 
to  abandon  for  a  time  any  idea  of  working  the  Beeston  coal-seam,  and 
operations  were  confined  to  driving  in  the  Silkstone,  in  the  hope  of  finding 
the  coal-seam  thicken. 

A  temporary  landing  was  fixed  at  this  depth,  1,808  feet  from  the 
surface,  a  single  cage  was  put  into  the  shaft,  and  two  roads  were  started 
away  from  the  pit  going  towards  the  north  and  south  respectively.  When 
these  places  had  proceeded  about  150  feet,  roadways  were  also  started  east 
and  west,  the  latter,  however,  only  being  proceeded  with  for  a  short 
distance.  Tbe  two  roads  to  the  north  and  south  were  advanced  to  a 
distance  of  900  feet,  and  no  alteration  was  found  in  the  thickness  of  the 
seam  or  in  the  nature  of  the  coal,  which  maintained  an  average  thickness 
of  17  inches  throughout.  Having  reached  this  distance  on  the  north  side 
of  the  shaft  without  any  result,  it  was  thought  advisable  to  put  up  a  trial 
bore-hole  in  the  roof  and  endeavour  to  find  the  coal,  which  in  the  shaft 
was  proved  to  exist  about  90  feet  higher  up.  Accordingly,  a  pit  (6  by  5 
feet)  was  driven  vertically  upwards,  and  on  reaching  the  level  where  in  the 
shaft  the  29  inches  coal-seam  had  been  passed  through,  a  good  seam  of 
coal  was  found,  in  all  appearance  like  the  true  Silkstone,  and  of  the 
following  section : — 
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Feet.  Inches. 

Coal 1        5 

Dirt 1       2 

Coal 3       6 

Meanwhile,  it  should  be  mentioned  that  during  the  time  of  the 
driving  of  the  roads  above  referred  to,  sinking  operations  had  been  pro- 
ceeding at  the  neighbouring  Prince  of  Wales  colliery,  near  Pontefract,  and 
a  good  seam  of  Silkstone  coal  had  been  found  at  a  depth  of  508  feet  below 
the  Haigh  Moor,  which  fact  tended  to  prove  that  the  seam  now  discovered 
was  in  all  probability  the  true  seam,  and  that  it  was  owing  to  the  fact 
that  in  the  shaft  the  seam  had  only  measured  29  inches  thick,  as  well 
as  to  the  supposition  of  the  existence  of  the  Silkstone  four  feet  or  the 
Johnny  coal-seam  that  so  much  time  and  money  had  been  spent  in 
proving  the  thin  seam,  which  was  found  at  a  depth  of  1,808|  feet. 

It  has  been  noted  recently  that  at  the  depth  of  1,710  feet  from  the 
surface  there  appears  in  the  shaft  some  slight  dislocation  of  the  strata. 
This  dislocation  does  not  amount  in  any  sense  to  a  fault,  but  at  one  side 
of  the  shaft  a  small  seam  of  cannel  coal  appears  some  15  inches  thick, 
whilst  at  the  other  side  of  the  shaft  this  runs  out  to  nothing.  This  fact 
seems  to  point  to  a  disturbance  of  the  strata  about  this  point,  and  may 
account  for  the  seam  being  so  thin.  The  seam  at  a  depth  of  1,808^  feet 
has  now  been  abandoned  altogether,  and  attention  has  been  turned  to 
driving  in  the  seam  laying  90  feet  above  that  point,  as  in  all  probability 
this  is  the  seam  which  was  being  sought  for.  Little  or  nothing  has  been 
done  except  to  prove  the  existence  of  a  thicker  seam  than  exists  in  the 
shaft  at  a  point  some  900  feet  to  the  north  of  the  pit,  whilst  at  a  similar 
distance  on  the  south  side,  as  far  as  one  can  judge,  there  seem  to  be  two 
seams  about  2  feet  in  thickness,  some  13  or  14  feet  apart.  Both  these 
seams  appear  to  be  of  good  quality,  the  upper  one  especially  so,  and  the 
writer  thinks  that  the  latter  could  in  any  case  be  worked  to  a  profit. 

It  may  be  mentioned  that  the  sinking  has  been  conducted  throughout 
without  any  serious  accident.  The  only  fatal  accident  which  occurred 
was  of  a  very  extraordinary  nature  ;  the  facts  are  as  follows  : — A  sinker 
was  holding  the  drill  in  the  ordinary  manner  between  his  legs,  and  two 
others  striking  at  it,  when  a  small  piece  of  steel  flew  off  the  end  of  the 
drill  and  entered  the  man's  heart,  causing  his  death  in  a  few  moments. 

During  the  latter  part  of  the  sinking  operations,  the  engineman  on  one 
occasion  overwound  the  kibble  containing  four  men,  but  as  there  was  a 
safety-hook  on  the  rope  the  latter  was  detached,  and  the  men  escaped  with 
no  thing:  worse  than  a  severe  shaking. 
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The  walling-scaffold  was  in  every  case  hung  by  chains  from  hooks 
fixed  into  the  side  of  the  shaft,  which  were  moved  down  from  time  to  time 
as  required.  Six  chains  have  been  used  in  suspending  the  scaffold  in  two 
halves,  and  the  system  has  been  found  to  work  admirably.  From  a  depth 
of  1,050  feet  from  the  surface  the  sinking  has  been  completed  with  the 
permanent  winding-engine,  which  was  found  very  convenient.  The 
Foulstone  centre-line  apparatus  has  been  used  in  the  sinking,  and  proved 
handy  and  successful.  Elliott  locked-coil  ropes  were  used,  and  owing  to 
their  non-twisting  properties  they  were  particularly  valuable  during  the 
sinking. 

In  writing  this  account  of  the  sinking  at  Ackton  Hall  colliery  the 
writer  does  not  claim  to  have  given  a  detailed  account  of  the  operations 
during  the  sinking,  but  trusts  that  the  few  remarks  with  regard  to  the 
thinning  out  of  the  coal-seams  (for  the  working  of  which  the  pit  was 
originally  sunk)  may  be  of  interest  to  the  members. 


Appendix  A. — Section  of  Strata  sunk  through  at  the  Ackton  Hall 
Colliery,  Featherstone,  from  the  Haigh  Moor  Coal-seam  down  to 
the  Beeston  Coal-seam. 


Thick- 

ness 

of 

Depth  from 

No.    Description  of  Strata. 

Strata. 

Surface. 

No. 

Ft. 

In. 

Ft.     In. 

244  Clod          

4 

5 

1,198     3 

270 

Haigh  Moor  Seam. 

245      COAL,  best  ... 

3 

3 

1.201    6 

271 

246      Dirt,  bearing  ... 

1 

9 

1,203    3 

272 

247      COAL,  seconds 

1 

1 

1,204    4 

273 

248      Dirt,  soft  spavin 

0 

8J 

1,205    0£ 

274 

249      COAL,  seconds 

1 

7 

1,206    7£ 

250  Soft    clunch   with 

275 

COAL   streaks 

0 

44 

1,207    0 

276 

251  Stone  clunch 

6 

10 

1,213  10 

252  COAL     

0 

4 

1,214    2 

277 

253  Soft  spavin 

0 

11 

1,215    1 

278 

254  Cank         

0 

7 

1,215    8 

279 

255  Stone  clunch 

3 

6 

1,219    2 

256  Strong  stone  bind 

2 

3 

1,221    5 

280 

257  Strong  stone  bind 

8 

4 

1,229    9 

281 

258  Black  bind 

4 

8 

1,234    5 

282 

259  Blue  bind 

2 

6 

1,236  11 

260  Stone     bind    and 

283 

rock  bands 

4 

in 

1,241    9 

284 

261  Stone    bind    with 

285 

ironstone    balls  10 

8 

1,252    5 

2S6 

262  Grey  bind 

7 

6 

1,259  11 

287 

263  Clunch      

0 

6 

1,260    5 

288 

264  Grey  bind 

0 

5 

1,260  10 

289 

265  Soft   spavin    with 

290 

streaks  of  COAL 

0 

9 

1,261    7 

291 

266  Clunch     

4 

3 

1,265  10 

292 

267  COAL,  good      ... 

2 

4 

1,268    2 

293 

268  Black  spavin 

0 

3 

1,268    5 

294 

269  Clunch     

8 

0 

1,276    5 

295 

Thick- 
ness of 
Description  of  Strata.   Strata. 
Ft.    In. 
Very  strong  stone 

bind     49     0 

Rock  and  cank  ...  33  10 
Blue  bind  ...  10     7 

Clunch     S  11 

Stone    bind     and 

rock  bands      ...  32     8 

Cank         2     0 

Stone     bind     and 

rock  band  ...  7  6 
Stone  bind  ...    3  10 

Black  bind  ...    3     8 

Clunch  \v  ith  mussel- 
shale  partings  ..1     9 
Stone  bind  ...  11     1 

Blue  bind  ...     6     5 

Black     bind    and 

ironstone  ...  5  6 
COAL,  good  ...  1  8 
Soft  spavin  ...    0     5 

Clunch     ...        ...    1     3 

COAL     0    0£ 

Clunch     0     1£ 

COAL     1     4} 

Soft  clunch  ...     1     3£ 

Strong  clunch  ...  3  4 
Strong  grey  bind  12  7 
Grey  rock  ...    0    3 

Clunch     1     2 

Stone  bind  ...  3  5 
Clunch     1     3i 


Depth  from 
Surface. 
Ft.      In. 

1,325  5 
1,359  3 
1,369  10 
1,378    9 

1,411  5 
1,413    5 

1,420  11 
1,424  9 
1,428    5 


1,430 
1,441 

1,447 


1.453  2 

1.454  10 


1,455 

1.450 
1,456 
1,456 
1,458 
1,459 
1,462 
1 ,475 
1,475 
1,476 
1,480 
1,481 


3 

6 

H 

8 

0j 

4 
8 
3 
6 
8 
1 
4* 
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Tfai 

3k- 

Thick- 

ness 

of 

Depth  from 

ness 

of 

Depth  from 

No.    Description  of  Strata. 

Strata. 

Surface. 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft.     J 

[n. 

Ft. 

In. 

Ft.      In. 

296  Strong  stone  chinch 

2 

10 

1,4S4 

2i 

344  Black  bind 

4 

6 

1,709    44 

297  Stone  bind 

10 

2 

1,494 

44 

345  CANNEL  COAL, 

298  COAL     

1 

1 

1,495 

54 

bastard 

0 

4 

1,709    84 

299  Black      bat     and 

346  Clunch      

3 

6 

1,713    24 

COAL  mixed... 

0 

3 

1,495 

8i 

347  Dark  bind 

2 

8 

1,715  10* 

300  Spavin  and  COAL 

348  Dark  blue  bind  ... 

3 

4 

1,719    24 

mixed  ... 

0 

8 

1,496 

44 

349  Black  bind,  mixed 

301  Clunch      

2 

0 

1,498 

44 

with  streaks  of 

302  Strong  stone  clunch 

3 

0 

1,501 

44 

COAL 

2 

8 

1,721  104 

303  Stone  bind  mixed 

350  COAL, good, Silk- 

with  rock  bands  14 

10 

1,516 

24 

stone  Coal-seam 

2 

5 

1,724    34 

304  Grey    and    canky 

351  Spavin 

0 

8 

1,724  n* 

rock     

14 

3 

1,530 

54 

352  Clunch      

2 

0 

1,726  114 

305  Rock  mixed  with 

353  COAL     

0 

5 

1,727    4* 

stone  bind 

4 

1 

1,534 

64 

354  Dirt          

0 

2 

1,727    64 

306  Stone  bind 

6 

7 

1,541 

H 

355  COAL     

0 

10 

1,728    44 

307  Grey  rock 

1 

0 

1,542 

1* 

356  Dirt          

0 

1 

1,728    54 

308  COAL     

0 

8 

1,542 

94 

357  COAL     

0 

3 

1,728    84 

309  Clunch      

1 

2 

1,543  11| 

358  Strong  stone  clunch 

1 

0 

1,729    84 

310  Stone  clunch 

4 

5 

1,548 

44 

359  Grey  rock 

1 

0 

1,730    84 

311  Blue  bind 

3 

0 

1,551 

44 

360  Stone  bind 

4 

1 

1,734    94 

312  COAL     

0 

(i 

1,551 

104 

361  Grey  rock 

0 

10 

1,735    74 

313  Clunch     

3 

6 

1,555 

44 

362  Blue  bind 

7 

10 

1,743    54 

314  COAL     

1 

10 

1,557 

24 

363  Black  bind 

1 

0 

1,744    54 

315  COAL  mixed  with 

364  COAL     

1 

1 

1,745    6* 

dirt      

1 

4 

1,55S 

64 

365  Clunch     

2 

0 

1,747    64 

316  Clunch 

5 

3 

1,563 

94 

366  Blue  bind 

4 

10 

1,752    44 

317  Grey   canky   rock 

2 

11 

1,566 

84 

367  Stone     bind     and 

318  Stone  bind 

8 

4 

1,575 

04 

rock  bands 

4 

11 

1,757    34 

319  COAL     

1 

0 

1,576 

o^ 

368  Stone  bind 

7 

5 

1,764    8* 

320  Black  bat 

0 

H 

1,576 

2 

369  Cank  stone 

1 

6 

1,766    24 

321  Clunch      

6 

2i 

1,582 

44 

370  Stone  bind 

3 

8 

1,769  104 

322  Strong  stone  bind  16 

6 

1,598  10* 

371  Blue  bind 

2 

8 

1,772    64 

323  Crey  rock 

2 

1 

1,600  11* 

372  Blue  bind 

15 

6 

1,788    0£ 

324  Hard  rock  mixed 

373  Dark-coloured 

with  stone  bind 

1 

0 

1,601  11 

clunch,     mixed 

325  Strong  grey  rock 

0 

7 

1,602 

64 

with     ironstone 

326  Bock     and     stone 

balls 

2 

10 

1,790  104 

bind 

0 

9 

1,603 

34 

374  Blue  bind 

7 

3 

1,798    14 

327  Hard   white   rock 

5 

9 

1,609 

04 

375  Black  shale 

0 

94 

1,798  11 

328  Grey  rock,  beddy 

376  COAL     

0 

4* 

1,799    34 

and  hard 

1 

4 

1,610 

44 

377  Clunch      

7 

9|  1,807    ] 

329  Clunch  mixed  with 

378  COAL,    soft  and 

ironstone  balls . . . 

1 

6 

1,611  1( 

good   (supposed 

330  Strong   grey  bind 

2 

6 

1,614 

44 

Silkstone     Coal- 

331  Grey   clunch    and 

seam)    

1 

54 

1,808    64 

faulty  bind     . . . 

16 

6 

1,630  1C 

379  Spavin      

1 

4i 

1,809  11 

332  Stone  bind 

20 

7 

1,651 

5* 

3S0  COAL     

0 

24 

1,810    14 

333  Stone  bind 

5 

5 

1,656  10* 

381  COAL,         mixed 

334  Blue  bind 

If, 

5 

1,672 

34 

with  dirt 

0 

1 

1,810    24 

335  Clunch      

2 

0 

1,674 

34 

382  Stone  clunch,  very 

336  Stone  clunch 

2 

2 

1,676 

54 

hard 

1 

1 

1,811    34 

337  Stone  bind 

11 

0 

1,687 

54 

383  COAL,        mixed 

338  Dark  -  coloured 

with  dirt 

0 

14 

1,811    5 

bind 

1 

3 

1,688 

84 

384  Stone  chinch,  very 

339  Grey  rock 

8 

7 

1,697 

34 

hard 

1 

34 

1,812    84 

340  Dark  blue  bind  and 

385  Grey    rock,    very 

ironstone 

6 

3 

1,703 

64 

hard 

1 

10 

1,814    64 

341  COAL     

0 

8i 

1,704 

3 

386  Stone  bind,    very 

342  Clunch     

0 

3|  1,70 

64 

hard 

1 

6 

1,816    0* 

343  COAL  mixed  with 

387  Grey    rock,    very 

dirt      

0 

4 

1,704 

104 

hard     ... 

3 

4 

1,819    44 
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Thick- 

Thick- 

ness of 

Depth  from 

ness  of 

Depth  from 

No.    Description  of  Strata. 

Strata. 

Surface. 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft.     In. 

Ft. 

111 

Ft.      In. 

388  Rock  bands,  mixed 

424  Clunch      

1 

H 

1,984    14 

with  stone  bind 

5 

11 

1,825     3i 

425  Grey  rock,  beddy 

5 

7 

1,989    84 

389  Grey  bind 

1 

2 

1,826    5| 

426  Stone   bind,   very 

390  Bine  bind 

13 

8 

1,840    if 

strong  ... 

3 

6 

1,993    24 

391  Chmch,  strong   ... 

3 

1 

1,843    24 

427  Strong  blue  bind 

6 

0 

1,999    24 

392  COAL     

0 

li 

1,843    4 

428  Blue  bind 

15 

6 

2,014    84 

393  Chinch     

1 

9J 

1,845    1| 

429  Black  bind  mixed 

394  Rock,    white   and 

with    ironstone 

hard     ... 

14 

11 

1,860    0| 

balls     ... 

3 

0 

2,017    84 

395  Grey  bind,  strong 

15 

8 

1,875    8| 

430  Dark-coloured  blue 

396  Cockle-shell  bed... 

0 

3 

1,875  11| 

bind 

1 

6 

2,019    2| 

397  Black  bind 

0 

3 

1,876    2| 

431  COAL     

0 

2 

2,019    41 

398  Grey      bind      and 

432  Black  bat 

0 

1 

2,019    51 

ironstone 

4 

9 

1,880  11| 

433  Clunch,  strong    ... 

19 

9 

2,039    2| 

399  Soft  chinch 

1 

7 

1,882    6| 

434  Grey  stone  bind... 

2.3 

10 

2,065    01 

400  Stone  chmch 

3 

2 

1,885    84 

435  Grey  rock 

i 

9 

2,066    9| 

401  Rock  band,  mixed 

436  Rock  mixed  with 

with  strong  stone 

8 

1 

1,893    9| 

stone  bind  and 

402  Grey    bind,    very 

clunch,  varying 

strong  ... 

7 

0 

1,900    9* 

in  thickness  and 

403  Black  bind 

2 

6 

1,903    3| 

irregular  on  bed ; 

404CANNEL  COAL 

0 

n 

1,903    6 

the  beds  of  rock 

405  Black  bind 

0 

H 

1,903  11| 

varied  in  thick- 

406 Stone  bind 

0 

i* 

1,904    1 

ness  from  3  to  36 

407  Grey  bind 

4 

6| 

1,908    7| 

inches   between 

408  Stone  chinch 

3 

n 

1,912    6| 

the  partings    ... 

39 

1 

2,105  104 

409  Grey  rock,  beddy 

10 

4 

1,922  10| 

437  Blue  bind 

10 

10 

2,116    8| 

410  Blue  bind 

7 

2 

1,930    0| 

438  Black  shale 

1 

9 

2,118    54 

411  COAL     (Blocking 

439  COAL     

0 

2 

2,118    74 

Coal-seam  ?)    ... 

2 

Oh 

1,932    1 

440  Dark-coloured 

412  COAL    and    dirt 

chmch  ... 

1 

8 

2,120    3| 

parting 

0 

0| 

1,932    If 

441  Light-coloured 

413  Soft  spavin 

0 

4| 

1,932    6| 

clunch  ... 

4 

6 

2,124    9| 

414  Chinch,  disturbed 

142  COAL      (Beeston 

ground  in  rolls  12 

9 

1,945    3| 

Coal-seam) 

1 

5 

2,126    24 

415  Black  bind 

2 

5 

1,947    81 

143  Dark-coloured 

416  Black  bind 

1 

7 

1,949    3| 

clunch  ... 

2 

6 

2,128    8| 

417  Chmch 

1 

0 

1,950    34 

144  COAL     

0 

H 

2,128  10 

41S  Black  bind 

1 

11 

1,952    2\ 

145  Chinch      

9 

«4 

2,138    24 

419  Grey  bind 

21 

10 

1,974    0| 

146  COAL      

0 

H 

2,138    6 

420  CANNEL  COAL 

0 

4 

1,974    44 

147  Spavin 

0 

2i 

2,138    84 

421  Clunch     

3 

2 

1,977    64 

148  Clunch     

1 

6 

2,140    21 

422  Stone  bind 

4 

10 

1,982    44 

149  Rock,  beddy       ... 

1 

6 

2,141    84 

423  COAL     

0 

3| 
Cui 

1,9S2    8 

150  Rock  bottom 
kton  Hall  Colliery, 

2 

Fi 

2 

;ati 

2,143  104 

Appendix  B. — Depth 

„BS   AT  THE  Ac 

IERSTOXE. 

Depth  from 

No.  of  Curb. 

Description. 

Surface. 
Ft.        In. 

19 

dry 

1,221     5 

20 

dry 

1,359    3 

21 

dry 

1,420  11 

22 

dry 

1,494    4i 

23 

dry 

1,555    4| 

24 

dry 

1,651     5| 

25 

dry 

1,716     1 

26 

dry 

1,772    6| 

27 

dry 

1,875    8| 

28 

dry 

1,947    S| 

1,999    2| 

29 

dry 

30 

dry 

2,141     8| 
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Appendix  C. — Depths  to  Coal-seams  being  worked  in  the  Vicinity  of 

PONTEFKACT. 


No.  on 
Map. 
Fig.  1. 

Names  of  Collieries  and  Pits. 

Depths 

to 
Seams. 

Ooal-seams 
Worked. 

Feet. 

1 

Ackton  Hall 

1,206 

Haigh  Moor. 

? » 

1,724 

Silkstone. 

2 

Featherstone  Main    ... 

714 

Stanley  Main. 

H                        •  •  •                "" 

1,200 

Haigh  Moor. 

3 

Foxholes 

150 

Warren  House. 

t)                 

390 

Haigh  Moor. 

4 

Glass  Houghton         

522 

Stanley  Main. 

,, 

744 

Warren  House. 

,,                          ... 

1,026 

Haigh  Moor. 

5 

Prince  of  Wales 

1,398 

Haigh  Moor. 

s i            , ,               ■  •  • 

1,906 

Silkstone. 

6 

Sharlston 

1,005 

Stanley  Main. 

1,260 

Warren  House. 

,, 

1,515 

Haigh  Moor. 

7 

Snydale 

657 
1,280 

Stanley  Main. 
Haigh  Moor. 

8 

Street  House 

690 

Stanley  Main. 

9 

West  Riding 

231 

678 

1,245 

Haigh  Moor. 
Silkstone. 

10 

Whitwood 

735 
1,320 

Haigh  Moor. 
Silkstone. 

11 

,,            Borehole 

381 

Stanley  Main. 

12 

,,            Common  Pit    ... 

210 

)>            >  > 

13 

,,            Don  Pedro  Pit... 

459 

))                      5> 

14 

,,            Good  Hope  Pit 

210 

>>                       >> 

15 

,,            Speedwell  Pit  ... 

177 

!J                      )) 

Appendix  D. — Section  of  Strata  sunk  through,  near  the  Silkstone  Coal- 
seam,  at  the  Prince  of  Wales  Colliery,  Pontefraot. 


Thickness 

Thickness 

of 

of 

No.            Description  of  Strata.                   Strata. 

No.             Description  of  Strata. 

Strata. 

Ft. 

Ins. 

Ft.  Ins. 

1  Strong  stone 7 

0 

14  Mussel  bed      

...     0    5 

2  Stone  bind 

..  12 

0 

15  Dark  grey  bind 

...     9    0 

3  Black  shale 

..     1 

6 

16  Black  shale    ... 

...     0     6 

4  Mussel  bed 

..     2 

3 

17  Stone  bind      

...     4    0 

5  Stone  bind 

..     3 

6 

18  White  stone 

...     9    0 

6  Mussel  bed 

..     2 

0 

19  Stone  bind 

...     9    0 

7  Blue  bind 

..     5 

0 

20  Strong     bind,     with 

iron- 

8  Ironstone 

..     0 

24 

stone 

...    S    7 

9  Blue  bind 

..     3 

8 

21  Black  shale     

...     1     0 

10  Black  shale 

..     2 

0 

Sillvtoiie  Coal-seam — 

11  COAL 

..     0 

H 

22       COAL,  good 

...     3    0 

12  Spavin 

..     0 

4 

23      Dirt 

...     0    3 

13  Dark  bind 

..     8 

0 

24      COAL,  good 

...     1     2 

Mr.  H.  St.  John  Duenfoed,  replying  to  numerous  questions,  said 
that  no  workings  had  been  made  from  the  shaft  in  the  coal-seam  at  1,724 
feet,  but  a  landing  was  now  being  put  in.     The  Silkstone  coal-seam  had 


112     DISCUSSION— NOTES  ON  SINKING  AT  ACKTON  HALL  COLLIERY. 

been  found  of  a  better  section  to  the  north  of  the  shaft,  and  it  seemed  to 
be  of  a  better  section  to  the  south.  The  colliery  2  miles  to  the  north- 
east has  a  good  Silkstone  seam,  but  at  Sharlston  colliery,  2  miles  to  the 
west,  the  seam  was  doubtful,  and  was  not  being  worked.  South  Kirkby 
colliery  lies  southwards,  but  the  pit  is  only  sunk  to  the  Swallow-wood 
coal-seam,  and  the  Silkstone  coal-seam  has  not  been  proved  further  south 
than  Ackton  Hall  colliery.  Newland  colliery  was  further  north.  The 
nearest  point  at  which  the  Silkstone  coal-seam  was  worked  was  Whitwood 
colliery. 

The  President  said  that  good  Silkstone  coal  was  found  on  the 
railway  from  Normanton  to  York.  It  was  good  at  the  West  Riding 
collieries.  "Whitwood  colliery  had  a  good  Silkstone,  and  it  was  fair  at 
Wheldale  and  Frystone  collieries.  The  seam  had  been  worked  as  the 
Middleton  main  coal-seam  to  the  north  and  west,  and  it  seemed  as  if 
Ackton  Hall  colliery  was  just  on  the  border  where  the  seam  was 
splitting.  More  evidence  would  be  forthcoming  as  explorations  were 
made  in  the  coal-seam  at  Ackton  Hall  colliery. 

Mr.  Durnford  said  that  the  seam  of  cannel  found  in  the  shaft  was 
very  valuable,  and  was  1  foot  thick. 

Mr.  W.  Hoole  Chambers  (Tankersley  colliery)  said  at  Silkstone 
Main  colliery,  situated  near  Barusley,  there  was  a  dirt  in  the  Silkstone 
coal-seam,  14  inches  below  the  usual  dirt,  which  was  9  inches  thick.  It 
commenced  by  a  dirt  parting,  and  increased  to  27  feet  in  thickness, 
dividing  the  bottom  part  of  the  seam  from  the  top.  It  seemed  as  if 
something  similar  had  taken  place  at  Ackton  Hall  colliery. 

Mr.  Durnford  said  that  the  Silkstone  coal-seam  varied  greatly  at 
Bower's  Allerton  colliery,  and  it  was  also  split.  The  coal — the  Silkstone 
seam — now  traced  was  "  hards."  He  had  not  been  able  to  recognize  the 
whetstones  coal — it  would  not  be  easy  in  a  hole  5  feet  square. 

Mr.  W.  Hoole  Chambers  said  that  at  Tankersley  colliery,  the  Silk- 
stone seam  was  5  feet  thick  with  5  inches  of  dirt.  At  the  Norfolk  pit, 
the  top  portion  only  was  worked  ;  the  bottom  portion  was  divided  by 
dirt  several  feet  thick.  At  collieries  working  nearer  Sheffield,  the  Silk- 
stone seam  was  of  the  proper  thickness,  but  for  a  mile  or  more  at  the 
Thorncliffe  collieries  only  the  top  portion  was  being  worked. 

The  President  said  that  at  Aldwarke  collieries  the  Silkstone  seam  was 
split  into  two  seams,  about  60  feet  apart. 

Mr.  W.  Hoole  Chambers  said  that  at  the  Thorncliffe  collieries  the 
new  or  middle  dirt  increased  in  thickness,  and  the  old  dirt  remained  of  the 
same  thickness. 


DISCUSSION — NOTES  ON  SINKING  AT  ACKTON  HALL  COLLIERY.       113 

Mr.  Durnford,  replying  to  further  questions,  said  that  the  seam 
found  in  the  staple  had  a  good  blue  bind  roof.  No  workable  coal-seam 
had  been  found  between  the  Haigh  Moor  and  this  seam.  He  had  not 
been  able  to  identify  the  Flockton  and  brown  metal  coal-seams.  The 
Beeston  coal-seam  had  been  identified. 

Mr.  W.  Hoole  Chambers  suggested  that  the  Beeston  appeared  to  be 
the  Whinmoor  of  South  Yorkshire,  but  it  seemed  to  be  of  different  quality. 
The  Whinmoor  seam  at  the  Thorncliffe  collieries  had  a  considerable 
number  of  small  bands  of  dirt  in  it,  but  was  a  coal  of  very  good  quality. 

The  President  said  that  a  seam  called  the  Middleton  little  coal  was 
found  about  60  feet  above  the  Middleton  main  coal-seam  in  the  west ; 
it  was  a  good  locomotive  coal,  2\  to  3  feet  thick.  It  was  a  workable 
and  useful  seam  at  Morley  and  Ardsley  collieries.  He  did  not  know 
what  became  of  it  east  of  Leeds.  Lofthouse  colliery  would  be  furthest 
to  the  east  of  those  working  it.  The  Beeston  coal-seam  north  and  east 
of  Leeds  was  a  very  good  seam,  and  was  largely  worked  at  Garforth, 
Micklefield,  and  Bower's  Allerton  collieries.  It  began  to  split  about 
Churwell,  west  of  Leeds,  where  there  was  the  Churwell  thick  and  the 
Churwell  thin  coal-seam.  Further  west  it  was  called  the  Shirtcliffe  coal- 
seam,  and  was  split  into  two  or  three  seams,  which  were  very  irregular. 
In  the  Morley  district,  these  seams  were  within  a  few  feet  of  each  other, 
but  in  the  Dewsbury  district  they  were  20  to  50  feet  apart.  About  Cleck- 
heaton,  at  one  place,  one  of  these  seams  was  a  fair  cannel  coal.  About 
210  feet  above  the  Beeston  and  150  feet  below  the  Middleton  main  coal- 
seams  in  the  district  from  Emley  to  Cleckheaton  is  the  blocking  coal-seam, 
of  fair  quality,  and  from  1^  to  2  feet  thick  He  thought  that  the  upper  coal 
which  had  been  found  in  the  rise  pit,  was  the  same  as  the  Middleton  main 
coal-seam,  or  what  was  called  the  Silkstone  in  West  Yorkshire.  One  of 
the  seams  below  would  probably  represent  the  blocking  coal-seam,  which 
seemed  to  be  in  the  same  position  in  the  measures  as  the  Silkstone 
coal-seam  of  South  Yorkshire,  but  it  was  of  inferior  thickness  and  of 
fair  quality.  The  Middleton  main  took  the  economic  place  of  the 
Silkstone  coal-seam,  whether  or  not  it  took  the  same  place  in  the  strata. 

Mr.  Durnford  said  that  at  Ackton  Hall  colliery  the  blocking  coal- 
seam  was  135  feet  below  the  Silkstone  or  Middleton  main  coal-seam, 
and  about  half-way  between  that  and  the  Beeston  coal-seam. 

The  President  said  that  at  Mirfield  colliery,  the  Beeston  was  210  feet 
below  the  blocking  coal-seam,  and  360  feet  below  the  Middleton  main 
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coal-seam ;  this  agreed  very  fairly  with  the  Ackton  Hall  colliery  section 
from  the  upper  seam.  He  had  no  doubt  that  the  upper  coal-seam  was 
the  Middleton  main.  The  seam  in  the  lower  part  of  the  section  would 
represent  the  blocking  coal,  and  the  other  one,  met  at  1,808^  feet,  would 
represent  the  Wheatley  lime  coal-seam,  which  lies  between  the  Middleton 
main  and  the  blocking  coal-seams. 

Mr.  Nash  moved  a  vote  of  thanks  to  Mr.  Durnford  for  his  paper. 
The  district  was  practically  unproved  below  the  Middleton  main  and 
Haigh  Moor  coal-seams,  and  this  paper  might  assist  members  in  deciding 
as  to  whether  they  could  expect  these  seams  to  be  workable  in  that  part 
of  the  county. 

Mr.  G-.  Blake  Walker  seconded  the  motion. 

The  motion  was  carried,  and  the  discussion  was  adjourned. 


DISCUSSION  ON  PROF.  LEWES'  PAPER  ON  "  MINING 
EXPLOSIVES."* 

Mr.  Gr.  Blake  Walker  said  that  Prof.  Lewes  made  a  statement 
which  struck  him  with  great  force  in  connexion  with  the  explosion  at 
Blackwell  colliery,  f  In  dealing  with  ordinary  blasting-powder  as  an 
unsuitable  explosive  for  use  in  mines,  Prof.  Lewes  pointed  out  that  one 
resulting  constituent  of  its  explosion  was  carbon  monoxide.  He  thought 
that  attention  had  not  previously  been  drawn  to  the  fact  that  carbon 
monoxide  was  an  explosive  gas.  Prof.  Lewes  stated  that  the  presence 
of  a  small  percentage  of  carbon  monoxide  in  an  atmosphere  such  as 
would  result  from  the  discharge  of  a  heavy  shot  of  blasting-powder  would 
produce  the  same  effect  in  the  atmosphere  as  if  a  small  portion  of  fire- 
damp was  present,  and  if  so  it  would  explain  the  occurrence  of  an 
explosion  where  no  trace  of  fire-damp  could  be  found  in  the  atmosphere, 
either  before  or  after  the  explosion  took  place.  If,  therefore,  in  some 
mine  •  which  was  dry  and  dusty,  a  heavy  shot  of  blasting-powder  were 
fired,  and  the  shot  was  blown  out,  carbon  monoxide  would  be  produced 
and  mixed  with  an  atmosphere  full  of  particles  of  fine  coal-dust.  Prof. 
Lewes  said  that  the  conditions  of  an  explosion  existed  which  would  be 
continued  wherever  dust  existed  to  spread  it. 

*  Trans.  Fed.  Inst.,  vol.  ix.,  page  320.  t  Ibid.,  page  322. 
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The  Peesident  asked  if  Mr.  Walker  thought  that  Prof.  Lewes  was 
correct  in  saying  that  traces  of  carbon  monoxide  would  make  a  mixture 
of  coal-dust  and  air  very  explosive  ? 

Mr.  Walker  said  that  Prof.  Lewes'  statement  was  as  follows  :  — 

Experiments  which  have  been  made  upon  the  effects  of  fire-damp  and  dust 
combined  in  causing  colliery  explosions  show  conclusively  that  even  when  fire- 
damp is  present  in  such  minute  quantities  as  to  form  a  mixture  very  far  removed 
from  the  point  of  explosion,  it  makes  the  mixture  of  coal-dust  and  air  highly 
explosive.  Traces  of  carbon  monoxide  will  do  exactly  the  same  thing  when  the  air 
is  laden  with  coal-dust,  whilst  the  temperature  of  ignition  is  lower  than  with  methane ; 
so  that  when  the  air  of  the  mine  is  charged  with  coal-dust,  the  probabilities  are  that 
a  very  large  volume  of  explosive  mixture  is  formed  by  the  rapid  escape  of  the 
products  of  combustion  into  the  dust-laden  air,  and  this  (being  ignited  either  by 
the  flame  or  by  red-hot  solid  products  driven  out  into  it  by  a  blown-out  shot) 
initiates  a  considerable  area  of  explosion.  * 

The  President  said  that  the  deduction  drawn  by  Prof.  Lewes  was 
that  no  explosive,  which  gave  off  carbon  monoxide  as  one  of  the  products 
of  combustion,  should  be  used  in  mines. 

Mr.  H.  B.  Nash  asked,  if  Prof.  Lewes'  theory  was  correct,  how  it  was 
that  in  all  experiments  made  with  coal-dust  alone  the  same  result  had  not 
taken  place  ?  Since  the  Blackwell  explosion,  Mr.  Rhodes  had  told  him 
that  in  his  experiments  with  various  coal-dusts  he  had  never  been  able  to 
get  up  a  coal-dust  explosion  in  his  apparatus,  but  if  the  smallest  mixture 
of  fire-damp  was  added  an  explosion  ensued.  With  coal-dust  alone  Mr. 
Rhodes  had  never  been  able  to  get  an  explosion.  If  a  blown-out  shot 
from  a  low  explosive  like  blasting-powder  had  been  charged  with  carbon 
monoxide,  why  did  it  not  give  Mr.  Rhodes  the  same  result  there  as  Prof. 
Lewes  has  found  in  his  experiments  ? 

Mr.  Walker  asked  whether  Mr.  Rhodes  had  experimented  with 
blasting -powder  ?  The  experiments  were  made  with  high  explosives,  and 
Mr.  Rhodes  would  regard  blasting-powder  as  outside  the  scope  of  his 
enquiry. 

Mr.  Nash  said  he  understood  that  Mr.  Rhodes  used  blasting-powder. 

Mr.  Walker  said  an  interesting  point  was  mentioned  in  the  Report  f 
of  the  Flameless  Explosives  Committee  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  as  to  the  difference  in  the  behaviour 
of  an  explosive  in  manufactured  gas  and  mine  gas.  In  the  Hebburn 
experiments,  they  used  natural  gas  from  the  pit  and  from  the  mains  of  the 
gas  company,  and  the  difference  in  the  behaviour  of  an  explosive  was 
very  marked. 

*  Trans.  Fed.  Inst.,  vol.  ix.,  page  322.  f  Page  36. 
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Mr.  Nash  said  that  if  they  got  carbon  monoxide  from  an  overcharged 
shot  in  the  mine,  they  ought  also  to  get  it  in  a  shot  without  tamping  in 
the  experiments  at  Hebburn  colliery. 

Mr.  Walker  said,  according  to  that  theory,  the  Blackwell  explosion 
was  caused  by  a  powder  shot,  and  if  Prof.  Lewes'  theory  was  correct  he 
gave  an  explanation  of  an  otherwise  insoluble  mystery. 

Mr.  Nash  said  that  the  explosion  was  not  an  insoluble  mystery 
according  to  Mr.  Donald  Stuart,  who  had  a  theory  which  to  his  own  mind 
explained  it  satisfactorily,  whether  it  did  so  or  not  to  other  people. 

Mr.  Walker  said  that  he  had  not  read  Mr.  Donald  Stuart's  book, 
but  Prof.  Lewes'  theory  afforded  an  explanation  of  the  Blackwell  explo- 
sion. It  might  not  be  the  correct  one,  but  it  appeared  to  be  certain  that 
no  gas  was  found  before  or  after  the  explosion.  Mr.  Stokes  and  other 
inspectors  of  mines  had  failed  to  find  gas  in  the  mine  ;  there  was  no 
evidence  of  any,  and  yet  an  explosion  occurred  in  a  pit  where  the  coal 
was  far  from  bituminous. 

The  President  said  that,  as  far  as  could  be  learned  from  the  reports  in 
the  newspapers,  the  Blackwell  seemed  to  have  been  on  all  fours  with  the 
Seaham  explosion.  A  shot  was  fired  in  an  old  road  which  had  been 
driven  twenty  years,  and  there  would  be  a  great  deal  of  dust  in  various 
places. 

Mr.  Walker  said  that  the  Blackwell  explosion  cast  a  side  light  on  the 
Camerton  explosion,  where  no  gas  had  ever  been  found. 

Mr  Nash  said  that  it  appeared  desirable  that  experiments  should  be 
made  with  carbon  monoxide  mixed  with  air  and  coal-dust  to  ascertain 
whether  an  explosion  would  be  initiated. 

The  President  said  the  experiment  of  firing  into  coal-dust  had  been 
repeatedly  tried,  but  the  question  was  what  would  be  the  conduct  of 
carbon  monoxide  placed  in  it  ?  If  carbon  monoxide  could  be  mixed  with 
the  air  and  an  explosive  fired  into  it,  and  the  result  compared  with  a 
similar  shot'  fired  without  the  carbon  monoxide,  they  would  know  what 
value  to  place  on  the  presence  of  carbon  monoxide. 

Mr.  A.  A.  Atkinson  (Barrow  collieries)  asked  if  Prof.  Lewes  had  got 
an  explosion  from  a  certain  preparation  of  carbon  monoxide  and  coal-dust  ? 

Mr.  Walker  stated  that  Prof.  Lewes  said  that  the  conditions  under 
which  methane,  the  essential  constituent  of  fire-damp,  would  produce  an 
explosion  applied  equally  to  carbon  monoxide. 
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Mr.  M.  Walton  Brown  wrote  that  Prof.  Lewes,  when  he  read  his 
paper,  showed  clearly  that  traces  of  carbon  monoxide  rendered  mixtures 
of  coal-dust  and  air  explosive.  Prof.  Lewes  ignited  a  small  weight  of 
carbonite  in  a  closed  bomb,  a  part  of  the  resulting  gas  (40  per  cent,  of 
which  consisted  of  carbon  monoxide)  was  mixed  with  air  in  a  small  gas 
receiver,  and  the  gaseous  mixture  did  not  ignite  on  the  application  of 
a  lighted  match.  A  similar  gaseous  mixture  was  formed,  and  coal-dust 
being  sprinkled  into  it,  the  whole  was  readily  ignited  by  a  lighted  match. 

Prof.  Vivian  B.  Lewes  wrote  that  experiments  which  he  made  early 
in  1895  showed  clearly  that  carbon  monoxide,  when  added  even  in  small 
quantities  to  a  dust-laden  atmosphere,  caused  it  to  become  highly  explo- 
sive ;  and  it  was  evident,  under  these  conditions,  that  carbon  monoxide 
played  the  same  part  as  marsh-gas  in  similar  mixtures  of  dust-laden 
air  and  fire-damp.  This  observation  seemed  to  him  to  be  so  important, 
in  view  of  the  presence  of  this  gas  in  the  products  of  combustion  of  many 
explosives,  that  he  gladly  took  the  opportunity  afforded  him  of  bringing 
it  forward.  He  had  intended  to  make  a  number  of  experiments  in  order 
to  determine  the  exact  quantity  of  carbon  monoxide  needed  to  make  a 
dust-laden  atmosphere  explosive,  but  unfortunately  stress  of  other  work 
prevented  him  doing  this.  He,  however,  satisfied  himself  that  the  pro- 
ducts of  the  combustion  of  many  blasting  explosives  in  use  in  mines 
would  produce  exactly  the  same  effect  as  pure  carbon  monoxide.  He 
thought  that  it  was  most  important  that  experiments  should  be  made  with 
carbon  monoxide  mixed  with  air  and  coal-dust,  and  should  any  member  of 
the  Institution  have  it  in  his  power  to  make  such  experiments,  he  would 
be  delighted  to  do  everything  he  could  to  aid  in  carrying  out  such  experi- 
ments. 


DISCUSSION  ON  MR.  RANKIN  KENNEDY'S  PAPER  ON 
"ELECTRICAL  MACHINERY  FOR  MINES."* 

Mr.  T.  B.  A.  Clarke  (Tankersley)  said  he  should  like  to  see  some 
tests  of  the  machines  Mr.  Kennedy  had  described,  as  they  were  based  on 
principles  different  from  any  machines  built  in  Great  Britain,  and  there 
seemed  to  be  no  absolute  test  of  any  motors  of  that  type.  Mr.  Kennedy 
stated  that  the  motors  were  suitable  for  driving  coal-cutting,  and  holing 
machinery.  He  had  experimented  with  alternating-current  motors,  and 
it  had  been  an  obstacle  to  their  use  that  they  would  not  start  under 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  98. 


118  DISCUSSION— ELECTRICAL  MACHINERY  FOR  MINES. 

varying  or  heavy  loads.  He  would  also  like  to  know  whether  the 
Kennedy  motors  could  be  worked  at,  say,  500  volts.  He  had  always 
understood  that  the  alternating-current  system  could  only  be  used  at  a 
high  pressure,  involving  the  use  of  a  transformer,  which  was  costly  and 
dangerous  to  use  in  a  mine,  as  it  was  impossible  to  insulate  the  transformer 
thoroughly,  and  when  touched  it  meant  instant  death.  He  did  not  know 
what  attitude  the  inspectors  of  mines  would  take  to  an  alternating- 
current  in  a  colliery,  but  thought  that  they  would  take  some  time  to  think 
it  over  before  they  would  sanction  its  use. 

Mr.   Walker  understood  that   Messrs.  Crawshaw  and  Warburton 
intended  to  use  an  alternating-current  plant. 

The  discussion  was  adjourned. 


The  meeting  then  closed. 
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MIDLAND    INSTITUTE    OF   MINING,    CIVIL,   AND 
MECHANICAL   ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  March  14th,  1896. 


Mr.  JOHN  NEVIN,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The   following    gentlemen    were    elected,    having    been   previously 
nominated. 

Members — 
Mr.  Walter  Edward  Headley,  Civil  and  Mining  Engineer,  1,  Albion  Place, 

Leeds. 
Mr.  Stephen  Harrison,  Colliery  Manager,  Kinsley,  Hemsworth. 
Mr.  R.  Sheard,  Mechanical  Engineer,  Calder  Vale  Boiler  Works,  Wakefield. 

Associates— 
Mr.  George  Crosby,  Colliery  Under-manager,  Featherstone,  Pontefract. 
Mr.  John  Minnikin,  Colliery  Underviewer,  Ivy  Cottages,  Hoyland  Common, 

Barnsley. 
Mr.   Shadrack   Stephenson,   Colliery   Under-manager,  Fleackingly   Beck, 

Woodlesford,  Leeds. 
Mr.    James   Walton,    Colliery    Under-manager,    Darfield   Main   Colliery, 

Barnsley. 

Student — 
Mr.    Alfred    Bradley    Southall,     Jun.,    Mining    Student,    Monckton, 
Barnsley. 


Mr.  H.  Woemald  read  the  following  paper  on  "  Adjustable  Piston- 
rings  "  : — 


n 
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ADJUSTABLE   PISTON-RINGS. 


By  H.  WORMALD. 


The  system  of  adjustment  of  piston-rings  referred  to  in  this  paper  is 
the  invention  of  the  writer,  who  claims  that  it  is  more  efficient  than  any 
of  the  methods  now  in  use.  The  object  of  a  piston-ring  is  to  prevent 
slip  of  steam  or  water  past  the  piston  when  working,  to  keep  the  piston  at 
its  full  duty,  and  to  prevent  waste  of  steam. 

The  writer  is  well  aware  that  he  is  treading  on  ground  that  has  been 
trodden  by  different  inventors  of  adjustable  piston-rings,  with  the  object 
of  attaining  a  perfectly  steam-tight  joint  between  the  piston  and  the  sides 
of  the  cylinder.  All  engineers  who  have  trodden  this  ground  are  more  or 
less  aware  that  piston-rings  become  defective  after  working  for  some  time, 
according  to  the  pressure  exerted  against  them  or  against  which  they  are 
forcing,  the  great  pressures  being  those  under  which  they  are  likely  to 
give  the  worst  results. 

Figs.  1  to  7  (Plate  X.)  show  the  application  of  Wormald  piston- 
rings  to  cylinders  up  to  16  inches  in  diameter  or  thereabouts.  The  same 
type  of  rings  and  packings  are  applicable  to  larger  diameters,  in  which 
case  the  junk-ring  D  would  be  secured  to  the  piston-body  E  in  the  usual 
way,  that  is  by  a  number  of  bolts  (proportionate  to  the  diameter  of  piston) 
for  holding  the  junk-ring  firmly  in  position  to  the  piston-body  in  addition 
to  the  nut  on  the  piston-rod. 

The  outer  rings  A  A  (Fig.  1)  are  of  the  usual  shape,  turned  and  cut  in 
the  ordinary  way,  spring  being  allowed  for,  so  that  they  may  move  out- 
ward of  their  own  accord  to  fit  the  body  of  cylinder  as  they  become  worn 
(if  they  will  do  so).  Practice  has  revealed  to  engineers  using  piston-rings 
that  they  do  not  move  out  as  desired  or  as  theoretically  allowed  for, 
hence  some  means  of  adjustment  is  required  to  make  them  fit  the  body  of 
the  cylinder.  The  Wormald  piston-ring  accomplishes  this  result,  and  the 
rings  remain  in  as  effective  working  order  when  they  are  almost  worn  out 
as  they  are  when  new.  They  possess  the  further  advantage  of  wearing 
the  cylinder-bodies  equally  at  all  parts  of  the  circumference. 
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When  the  piston-rings  A  A  are  worn  and  new  ones  are  required,  the 
central  rings  B  B  and  the  packing-rings  G  C  are  used  over  again,  and 
simply  placed  in  the  first  position  (Fig.  1)  in  which  new  rings  are  placed 
as  when  the  piston  was  new.  When  the  piston-rings  are  new  they  present 
the  appearance  shown  in  Fig.  1,  and  as  they  become  worn  the  different 
degrees  of  adjustment  are  shown  in  Figs.  2,  3,  4,  5,  and  6.  It  will  be 
seen  that  the  whole  of  the  packing-rings  form  one  solid  block  after  setting 
in  position,  and  there  is  no  possibility  of  the  main  piston-rings  A  A  being 
compressed  inward  as  they  rest  upon  the  packing-rings  B  B.  The  piston- 
rings  A  A  are  at  liberty  to  move  outward  of  their  own  accord  as  a  con- 
sequence of  any  spring  that  may  be  left  in  them,  in  the  same  manner  as 
any  other  type  of  piston-ring  is  at  liberty  to  move  outward. 

Some  of  the  ordinary  types  of  piston-rings  in  common  use  are  shown 
in  Figs.  8,  9,  10,  11,  12,  13,  and  14  (Plate  X.),  none  of  which  possess 
any  means  of  adjustment.  Fig.  8  shows  the  solid-block  type  of  piston- 
ring  ;  Fig.  9  (Plate  X.)  is  the  Ramsbottom  type;  Figs.  10  and  11  illus- 
trate the  single  metallic-ring  type;  Fig.  12  is  the  double  metallic-ring 
type;  Fig.  13  (Plate  X.)  is  the  spiral  coil-ring;  and  Fig.  14  is  the 
Goodfellow  piston-ring. 

Members  are  doubtless  acquainted  with  these  different  types  of  piston- 
rings,  and  from  the  illustrations  it  will  be  seen  that  these  possess  no 
means  of  adjustment  beyond  any  spring  that  they  may  possess  when 
newly  fixed,  and  which  the  author  considers  amounts  to  little  or  nothing 
in  the  vast  majority  of  cases  after  working  for  a  short  time.  This 
class  of  piston-rings  becomes  useless  after  working  for  some  time,  and 
the  steam  or  water  slips  past  the  body  of  piston  as  though  no  rings 
were  in  use  ;  in  many  cases  these  piston-rings  are  practically  of  no  use, 
when  first  inserted. 

At  the  present  time  some  makers  of  piston-rings  (knowing  the  use- 
lessness  of  depending  upon  spring  in  piston-rings  of  small  diameter 
having  no  adjustment)  provide  only  a  solid  ring  to  fit  the  cylinder  (Fig. 
8).  Such  a  ring  becomes  useless  after  about  a  month's  wear,  it  is  then 
replaced  by  a  new  one,  and  so  the  process  goes  on  of  providing  a  new 
ring  every  month  or  so. 

The  practical  applications  of  the  Wormald  piston-ring  have  been  as 
follows  : — A  new  piston,  14  inches  in  diameter,  fitted  with  a  Wormald 
adjustable  piston-ring,  was  applied  to  an  engine  in  a  brickworks,  in  lieu 
of  a  piston  fitted  with  a  ring  similar  to  that  shown  in  Fig.  12.  Without 
any  increase  of  labour  or  of  fuel,  or  of  the  hours  being  worked  daily,  the 
plant  made  700  bricks  per  day  more,  or  an  average  of  say  4,000  more 
bricks  per  week,  and  the  saving  amounted  to  about  £200  per  annum. 
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Another  practical  application  of  the  Wormald  piston-ring  was  made 
to  a  vertical  engine  working  a  dirt-tippler  on  a  colliery  refuse-heap,  the 
cylinder  being  fitted  with  the  same  type  of  piston  as  that  illustrated  in 
Fig.  12.  The  work  done  by  this  engine  was  all  on  the  bottom  side  of 
the  piston,  whose  top  side  was  left  open  to  the  atmosphere.  When 
working  with  the  ordinary  piston-rings  (Fig.  12)  the  steam  rushed  past 
the  piston  and  blew  out  in  all  directions,  but  when  the  Wormald 
piston-ring  was  inserted  (Fig.  1),  this  escape  of  steam  was  stopped, 
and  there  was  no  leakage  showing  that  the  piston  was  steam-tight. 

At  the  same  works,  different  types  of  pump-pistons  have  been  replaced 
by  pistons  fitted  with  Wormald  piston-rings,  in  all  cases  with  satisfac- 
tory results,  and  far  superior  to  those  obtained  when  engines  were 
working  with  piston-rings  having  no  adjustment. 


Mr.  H.  Wormald,  replying  to  questions,  said  that  the  cylinder-cover 
was  removed  in  order  to  adjust  the  Wormald  piston-rings,  which  are  not 
self-acting.  Fig.  6  showed  the  rings  A  when  they  are  worn  out ;  and  when 
the  packing-rings  B  were  all  brought  inside,  it  showed  the  amount  of 
wear  on  the  piston-rings  A.  If  the  cylinder  itself  wore  away,  as  it  would 
in  time,  the  piston-rings  could  be  made  a  little  thicker,  and  thus  com- 
pensate for  the  wearing  away  of  the  cylinder.  The  cost  was  small,  but  as 
it  included  the  patentee's  rights,  it  appeared  rather  higher  than  usual. 
The  wear  of  a  horizontal  cylinder  was  greater  than  in  any  other.  Adjust- 
able piston-rings  were  suitable  in  such  cases,  because  all  other  piston-rings 
were  loose,  and  would  give  way  with  the  wearing  of  the  cylinder.  With 
an  ordinary  engine,  working  twelve  hours  a  day,  at  500  feet  of  piston 
speed  per  minute,  the  automatic  piston-rings  should  last  about  two  years. 

Mr.  David  Bannister  said  he  was  inclined  to  think,  after  working 
six  or  seven  months,  that  the  rings  would  get  a  little  side-play  and  con- 
tinuing to  work  in  that  position  for  a  few  weeks,  the  effects  of  the 
hammering  action  which  would  take  place  at  each  end  of  the  stroke, 
would  cause  the  recess  in  the  piston-body  to  become  worn  a  little  wider. 
The  play  would  then  be  taken  up,  the  rings  expanded  and  recommence  to 
work  at   a  larger  diameter  and  might  work  satisfactorily  for  a  similar 
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period.  Then  the  same  action  would  take  place  and  form  another  ring 
or  step  on  the  piston-body,  but  of  a  larger  diameter  than  the  first  one ; 
and  thus  the  process  would  continue  until  the  rings  were  worn  out,  and 
would  form  a  number  of  steps  on  the  recess  in  the  piston-body.  He 
asked  Mr.  Wormald  to  tell  the  members  how  new  rings  could  be  made, 
fitted  upon  the  old  body  and  made  steam  tight  ? 

Mr.  Wormald  said  that  there  might  be  a  step  on  the  piston  body,  but 
he  hardly  thought  so.  If  there  was,  it  would  be  a  simple  matter  to  turn 
the  steps  down  in  the  lathe.  If  there  were  steps  on  the  piston-rings,  as 
would  be  most  likely,  they  would  pass  away  with  the  discarded  rings. 

Mr.  Bannister  said  that  the  piston  might  be  a  considerable  distance 
from  a  lathe,  and  it  might  be  a  greater  expense  taking  the  piston  to  the 
lathe  than  putting  in  new  piston-rings. 

Mr.  Wormald  said  that  the  automatic  piston-rings  had  been  working 
for  twelve  months  at  the  Ackton  Hall  collieries,  and  he  had  experienced 
no  difficulties  whatever  in  their  use. 

Mr.  Atkinson  asked  whether  the  piston-rings  had  been  taken  out  and 
examined  ? 

Mr.  Wormald  replied  that  the  piston-rings  had  been  taken  out  in 
order  to  change  the  adjustment — one  packing  ring  from  the  outside  to  the 
centre  in  each  case.  He  thought  that  if  any  difficulty  occurred  it  could 
be  easily  overcome. 

Mr.  Routledge  proposed  that  the  thanks  of  the  meeting  be  given  to 
Mr.  Wormald  for  his  paper. 

Mr.  Nash  seconded  the  motion,  which  was  agreed  to. 


DISCUSSION  ON  PROF.  LEWES'  PAPER  ON  "MINING 
EXPLOSIVES."* 

The  President  said  that  the  point  which  Prof.  Lewes  pressed  most 
was  in  regard  to  the  products  of  combustion  of  various  explosives,  and 
affirmed  that  the  best  explosive  was  that  one  in  which  the  products  of 
ignition  contained  no  combustible  gases. 

*  Trans.  Fed.  Inst.,  vol.  ix.,  page  320  ;  and  vol.  x.,  page  454. 
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Mr.  Nash  said  that  Prof.  Lewes  was  of  opinion  that  traces  of  carbon 
monoxide,  the  product  of  the  combustion  of  an  high  explosive,  would, 
when  present  in  such  minute  quantities  as  to  form  a  mixture  far  removed 
from  the  point  of  explosion,  render  a  mixture  of  coal-dust  and  air  highly 
explosive. 

The  President  said  that  the  result  of  Prof.  Lewes'  theory  was  very 
much  in  favour  of  the  use  of  nitrate-of-ammonium  explosives  (roburite, 
ammonite,  and  bellite).  Prof.  Lewes  condemned  the  use  of  blasting- 
powder,  gun-cotton,  blasting-gelatine,  and  carbonite. 

The  discussion  was  adjourned. 


DISCUSSION  ON  MR.  ALEX.  REID'S  PAPER  ON  "  METHODS 
OF  CLOSING  THE  TOPS  OF  UPCAST  WINDING  SHAFTS."* 

Mr.  Bonser  (Leeds)  said  that  he  had  never  seen  the  top  of  an  upcast 
winding-shaft  to  which  they  should  not  attach  a  safety-hook.  He  believed 
that  the  effect  of  such  a  contrivance  as  was  described  by  Mr.  Reid  in 
his  paper,  would  be  to  prevent  the  efficient  working  of  any  ordinary 
detaching-hook  at  an  upcast  pit.  He  thought  that  some  inventive  genius 
might  provide  an  upcast  pit-top  so  that  a  detaching-hook  could  be  used. 

Mr.  Wm.  Hargreaves  (Rothwell  Haigh)  said,  in  connexion  with 
the  winding  at  the  upcast  pit  at  Thrybergh  Hall  colliery,  that  they  had 
Mr.  Reid's  arrangement,  with  a  little  variation.  The  ascending  cage 
entered  a  closed  box,  and  the  detaching-hook,  chains,  and  shackles  entered 
a  lesser  door  which  the  cage  lifted  up.  When  the  cage  passed  these  doors, 
it  was  in  a  box  which  practically  sealed  the  shaft,  and  they  found  little 
difference  in  the  air-current.  They  wound  800  tons  a  day  at  Thrybergh 
Hall  colliery,  where  this  system  was  in  use,  and  had  never  had  any 
difficulty  or  accident.  At  another  pit  they  banked  into  an  air-tight 
chamber.  They  had  to  open  two  doors  in  a  chamber  which  was  fixed 
away  from  the  pit,  in  order  to  pass  the  tubs  to  the  screens,  and  the  bank- 
ing was  very  costly,  whilst  they  did  not  find  any  better  results  than  with 
the  Reid  arrangement.  There  was  no  difficulty  in  providing  for  the 
use  of  a  detaching-hook.     The  smaller  door  for  the  detaching-hook,  etc., 

*  Tran*.  Fed.  Inst.,  vol.  x.,  page  367. 
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was  lifted  first.  The  cage  had  been  overwound  both  purposely  and 
accidentally,  and  no  difficulty  had  been  experienced  with  the  detaching- 
hook.  The  smaller  door  was  very  light,  and  if  the  cage  was  overwound 
the  door  was  broken  before  the  detaching-hook  reached  the  point  at 
which  it  acted. 

Mr.  R.  Routledge  (Garforth  colliery)  said  that  the  arrangement  at 
Garforth  was  similar  to  that  described  by  Mr.  Reid.  Their  engineman 
had  overwound  the  cage  two  or  three  times.  There  was  an  arrangement 
on  the  top  side  of  the  door  which  allowed  it  to  fall  into  two  pieces. 

Mr.  Hargreaves  said  that  the  arrangement  had  worked  satisfactorily 
for  eight  years,  and  replied  that  the  smaller  door  was  made  of  wood 
18  inches  in  diameter  and  §  inch  thick. 

Mr.  Bonser  said  that  there  was  a  new  Mines  Bill  before  the  House 
of  Commons,  and  he  had  no  doubt  that  the  Council  of  the  Institute  would 
consider  it  before  it  was  passed  into  law.  He  believed  that  there  would  be 
embodied  in  the  bill  clauses  which  would  bring  the  metalliferous  mines 
under  the  same  Act.  Metalliferous  mines  were  generally  without  these 
appliances  ;  if  they  were  brought  under  the  Mines  Act  and  had  to  provide 
this  apparatus,  any  information  on  the  point  would  be  most  useful  to  the 
members  of  the  Institute.  The  subject  that  he  mentioned  with  regard  to 
the  detaching-hook  was  this — was  it  possible,  in  the  act  of  raising  the  rope 
through  the  ventilatiou-doors  at  each  winding,  to  disengage  the  hook  and 
let  the  cage  go  down  the  pit  ?  He  thought  that  the  members  would  find 
that  there  were  few  detacbing-hooks  used  at  closed  upcast  pits,  owing  to 
the  risk  of  detaching  the  cage  in  the  ordinary  routine  of  working. 

Mr.  Routledge  said  that  the  Ormerod  hook  was  used  at  the  Garforth 
collieries,  and  the  small  door  could  not  get  into  the  bell. 

Mr.  T.  W.  H.  Mitchell  said  that  he  thought  Mr.  Bonser  was  under  a 
wrong  impression  in  respect  to  the  doors.  His  (Mr.  Bonser's)  impression 
seemed  to  be  that  the  detaching- hook  was  constantly  running  through  a 
narrow  space,  so  rendering  it  liable  to  be  cut  off.  The  rope  and  capel 
took  the  covering-box  up  with  it,  it  ran  through  the  pit  top  covering-box 
which  was  the  size  of  the  cage  itself ,  and  it  never  went  near  the  detaching- 
hook  at  all.  The  little  door  was  placed  4  or  5  feet  above  the  detaching- 
hook,  when  it  was  in  the  air. 

Mr.  Bannister  said  that  there  was  some  risk  of  the  small  door  when 
broken  being  carried  into  the  bell-shaped  detaching-plate.  In  a  trial,  to 
lift  the  cage  gently  up  to  the  bell-casting  in  the  head-gear  the  small 
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pieces  of  timber  had  time  to  fall  away  ;  and  he  asked  whether  by   an 
overwinding,  the  wooden-door  had  been  driven  into  the  bell  ? 

Mr.  Routledge  said  that  four  overwindings  had  occurred  at  Gar- 
forth  collieries,  and  the  hooks  had  caught  and  suspended  the  cage  on 
each  occasion. 

Mr.  Bannister  asked  whether  the  winding  engine  at  the  time  of  over- 
winding had  been  going  at  almost  the  speed  it  would  travel  in  the  middle 
of  the  shaft,  or  had  it  been  in  the  act  of  stopping  and  had  the  cage  gone 
a  few  feet  too  far  ? 

Mr.  Routledge  said  that  they  had  been  drawing  coal,  and  the  cage 
would  not  be  going  as  fast  as  in  the  middle  of  the  winding,  but  faster 
than  under  ordinary  circumstances. 

Mr.  Hargreaves  said  that  he  had  known  a  workman  start  the 
winding-engine  the  wrong  way,  and  the  cage  was  detached  as  easily  as  if 
there  was  nothing  in  the  way.  In  the  case  of  the  King  detaching-hook 
at  Houghton  Main  colliery,  the  speed  at  which  it  was  going  damaged 
the  plate. 

Mr.  Wormald  said  that  in  regard  to  these  safety-hooks  and  covering- 
boards  it  did  not  matter  whose  hook  was  used.  As  the  hook  went  up 
it  would  carry  the  covering-board,  and  it  did  not  strike  the  door  in 
any  part  that  struck  the  disconnecting  bell. 

The  discussion  was  then  closed. 


DISCUSSION  ON  MR.  A.  W.  BENNETT'S  PAPER  ON  "TELE- 
PHONIC   COMMUNICATIONS    IN    AND    ABOUT  COAL- 
MINES." * 
Mr.  Bennett  said  that  the  Stead  carbon-ball  transmitter  was  used 

at  Aldwaike  collieries,  and  they  gave  every  satisfaction.     A  very  similar 

transmitter,  the  Berthon,  was  used  for  conversation  between  London 

and  Paris. 

The  President  said  that  a  system  of  covered  endless-wire  could  not 
be  used  as  ordinary  telephone  wires  were  occasionally  used.     A  work- 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  372. 
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man  could  not  carry  a  telephone  in  his  pocket  and  attach  it  to  any  part 
of  the  wires  and  communicate  with  the  bottom  of  the  pit,  or  any  other 
part  of  the  mine. 

Mr.  Bennett  said  that  a  pair  of  wires  could  be  laid  from  any  of  the 
stations,  and  there  would  be  no  difficulty  in  attaching  pocket-telephones 
to  these  wires. 

Mr.  Nash  asked  whether  that  would  not  be  more  expensive  than  the 
present  system  ? 

Mr.  Bennett  replied  that  it  certainly  would  be  so.  The  system 
described  in  his  paper  was  intended  for  use  in  mines  where  there  were  a 
large  number  of  stations.  In  small  collieries,  a  telephone  with  one 
wire  would  be  the  simplest  system. 

The  discussion  was  then  closed. 


DISCUSSION  ON  MR.  RANKIN   KENNEDY'S   PAPER  ON 
"ELECTRICAL  MACHINERY  FOR  MINES."* 

Mr.  Bennett  desired  to  emphasize  Mr.  Kennedy's  remarks  as  to 
using  polyphase-current  motors  in  mines  ;  they  had  no  commutators  or 
brushes,  were  sparkless,  and  did  not  require  to  be  enclosed.  Mr.  Kennedy 
advocated  the  use  of  dynamos  producing  different  kinds  of  electric 
current,  and  it  seemed  to  him  that  an  arrangement  for  producing  poly- 
phase currents  would  be  of  great  service  for  working  colliery  machinery. 

Mr.  Nash  asked  whether  polyphase  dynamos  and  motors  had  not  been 
recently  developed,  and  whether  their  possibilities  were  not  as  yet  un- 
known ? 

Mr.  Bennett  said  that  polyphase  motors  had  not  been  used  in  Eng- 
land because  engineers  were  not  conversant  with  them. 

Mr.  Nash  remarked  that  that  was  the  fault  of  the  electrical  engineer. 

Mr.  Kennedy  said  that  two  polyphase  motors  were  in  use,  and  in 
a  short  time  a  coal-cutting  machine  would  be  running  with  a  two-phase 
motor. 

Mr.  Nash  asked  where  in  an  actual  electrical  installation  they  wished 
to  introduce  a  polyphase  motor  for  pumping,  etc.,  whether  it  would 
necessitate  a  rearrangement  of  the  dynamo  on  the  surface  ? 

*  Trans.  Fed.  Inst.,  vol.  x.,  pages  98  and  457. 
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Mr.  Kennedy  said  that  a  dynamo  running  at  a  high  speed  could  be 
altered  so  as  to  yield  polyphase  current  at  a  small  cost.  With  an  ordinary 
100  or  110  volts  dynamo,  the  current  could  not  be  carried  any  distance 
without  considerable  loss,  or  the  use  of  heavy  wires,  but  if  the  machine 
were  converted  to  yield  polyphase  current  the  pressure  could  be  raised 
or  lowered  without  much  loss — not  exceeding  10  percent. — for  a  distance 
of  10  miles.  The  pressure  could  be  raised  to  10,000  volts,  and  re-lowered 
to  100  volts,  so  that  an  ordinary  telephone  wire  would  transmit  50  horse- 
power. 

The  discussion  was  adjourned. 


The  meeting  was  then  closed. 
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MIDLAND    INSTITUTE   OF  MINING,   CIVIL,   AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 
Held  at  the  Firth  College,  Sheffield,  April  18th,   1896. 


Mr.  JOHN  NEVIN,  President,  in  the  Chair. 

The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 

The  following  gentlemen  were  elected,  having  been  previously  nomin- 
ated : — 

Members — 
Mr.  George  White,  Civil  Engineer,  Estate  Offices,  Mexborough. 
Mr.  Edward  Soar,  Colliery  Manager,  Kiveton  Park  Colliery,  Sheffield. 

Associate— 
Mr.    Herbert  Eoulstone,    Under-manager,    Messrs.   Needham   Brothers  & 
Brown,  Borough  Foundry,  Barnsley. 

Students — 
Mr.  Wm.  Robley  Steele,  Mining  Student,  Barrow  Collieries,  Barnsley. 
Mr.  Robert  Routledge,  Jim.,  Mining  Student,  2,  Pilgrim  Street,  Murton 
Colliery,  Sunderland. 


DISCUSSION  ON  MR.  G.  BLAKE  WALKER'S  PAPER  ON 
"THE  ROTH  METHOD  OF  FIRING  SHOTS."* 

Mr.  L.  T.  O'Shea,  of  Firth  College,  said  that  Mr.  Geo.  Blake  Walker, 
author  of  the  paper,  had  kindly  obtained  one  of  the  Roth  apparatus  for 
the  chemical  method  of  exploding  shots,  and  had  asked  him  (Mr.  O'Shea) 
to  demonstrate  the  action  of  the  different  bodies  which  took  part  in 
igniting  the  detonator.  One  of  the  substances  used  in  order  to  ignite 
the  detonator  was  chlorine,  a  gas  readily  obtained  when  hydrochloric 
acid  acted  on  manganese  dioxide  or  permanganate  of  potash.  Chlorine 
is  an  exceedingly  active  gas,  and  when  brought  in  contact  with  certain 
substances    they    unite    with    the    evolution    of    large    quantities    of 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  95. 
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heat.  One  great  objection  to  the  use  of  chlorine  was  the  disagreeable 
odour  which  it  possessed.  In  Mr.  Walker's  paper  it  was  stated  that 
the  substance  on  which  the  chlorine  acted  was  antimony.  This  readily 
combined  with  chlorine  and  took  fire  when  thrown  into  chlorine;  but 
unless  the  chlorine  was  pure  the  chemical  action  took  place  without  the 
particles  taking  fire.  Another  metal  acted  on  by  chlorine  was  copper, 
which  also  took  fire  in  contact  with  this  gas.  Yet  another  body  on  which 
chlorine  acted  was  mercuric  oxide,  producing  chlorine  monoxide,  a  very 
active  and  unstable  gas,  which  often  exploded  in  manufacture.  So 
active  was  this  gas  that  when  sulphur,  phosphorus,  or  similar  bodies 
were  brought  in  contact  with  it  they  took  fire.  Dr.  Roth  used  a  mixture 
of  mercuric  oxide  and  sulphur,  which  he  called  a  priming  mixture; 
this  he  placed  on  the  top  of  the  fulminate  in  the  detonator,  and  then 
brought  chlorine  in  contact  with  the  mixture.  The  chlorine  acted  on 
the  mercuric  oxide,  whilst  the  chlorine  monoxide  formed,  acted  on  the 
sulphur,  and  great  heat  was  evolved,  which  caused  the  explosion  of  the 
cap.  The  substances  which  Dr.  Roth  used  to  manufacture  chlorine 
were  permanganate  of  potash  and  hydrochloric  acid. 

The  method  Dr.  Roth  proposed  for  using  the  process  in  the  pit  was 
to  have  a  small  bottle  in  which  are  placed  the  permanganate  of  potash 
and  hydrochloric  acid.  The  permanganate  of  potash  was  placed  in  a 
capsule,  the  mouth  of  which  was  closed  with  oxide  of  zinc,  so  that  the 
acid  had  to  dissolve  the  zinc  oxide  before  it  could  attack  the  permanganate 
of  potash.  He  connected  the  bottle  with  a  leaden  tube  of  small  diameter, 
which  passed  through  a  perforation  in  a  cork,  and  inserted  the  open  end 
of  the  tube  into  the  cap,  and  then  the  cap  was  introduced  into  the  cart- 
ridge. The  tube  could  be  of  any  length,  and  the  apparatus  could  be 
placed  at  any  distance  from  the  shot-hole.  When  the  cap  had  been 
placed  in  the  shot,  the  stopper  was  placed  in  the  bottle,  and  they 
awaited  the  action  of  the  chlorine  on  the  mixture,  and  the  explosion  of 
the  fulminate. 

So  far  as  experiments  went  the  mixture  seemed  to  work  very  well,  but 
performing  experiments  in  the  lecture-room  and  in  the  mine  were  very 
different.  There  might  be  objections  to  the  method,  but  it  seemed  to 
him  (Mr.  O'Shea)  to  afford  a  very  successful  attempt  to  avoid  the  use 
of  fuze  in  the  mine.  He  (Mr.  O'Shea)  could  not  say  that  it  possessed 
any  great  advantage  over  the  electrical  method,  but  there  was  the  question 
of  expense  on  which  he  was  not  justified  in  giving  an  opinion.  One 
great  practical  objection  appeared  to  him  to  be  the  danger  of  the  leaden 
tube  becoming  closed  ;  the  bore  of  the  tube  was  of  small  diameter,  and  in 
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stemming  the  shot  a  slight  knock  might  cause  the  bore  to  be  closed, 
and  thus  prevent  the  chlorine  from  reaching  the  detonator. 

Another  point  he  wished  to  remark  upon,  but  with  some  diffidence, 
because  the  subject  of  it  had  only  come  to  his  notice  that  day.  Mr. 
Walker  was  kind  enough  to  get  the  mixture  for  him  four  months  ago, 
and  it  was  then  perfectly  yellow — just  a  mixture  of  oxide  of  mercury 
and  sulphur.  Now,  however,  its  colour  had  changed  to  black,  showing 
that  a  chemical  change  had  taken  place.  Probably  sulphide  of  mercury 
had  been  formed.  If  this  mixture  were  put  in  the  cap  with  the  fulmi- 
nate, and  this  chemical  change  took  place,  it  would  be  a  source  of  danger. 
What  this  chemical  change  was  he  could  not  say,  as  he  had  only  dis- 
covered it  that  day,  but  if  the  mixture  was  not  stable  it  seemed  to  him  a 
serious  objection  to  its  use.  However,  it  was  a  useful  attempt  to  use 
a  chemical  method,  and  might  lead  to  the  adoption  of  some  similar 
means  in  the  future. 

Mr.  G.  Blake  Walker  said  that  he  had  nothing  to  add  to  what 
Mr.  O'Shea  had  said,  or  what  was  contained  in  his  paper.  The  only 
auestion  was  whether  the  arrangement  was  of  such  a  kind  as  was  likely 
to  be  of  practical  service  in  collieries.  He  moved  a  vote  of  thanks  to 
Mr.  O'Shea  and  the  college  authorities. 

Mr.  E.  W.  Thirkell  (Oaks  Collieries)  seconded  the  motion,  and  said 
that  the  experiments  had  been  exceedingly  interesting. 

The  resolution  was  carried  unanimously. 

Mr.  O'Shea,  in  reply,  said  that  chlorine  monoxide  was  a  dangerous 
gas  to  make  in  any  quantity.  He  did  not  want  the  members  to  imagine 
that  there  was  any  danger  in  the  quantity  made  in  the  cartridge.  It  was 
perfectly  harmless  and  safe  used  in  the  way  suggested  by  Dr.  Roth. 

Mr.  A.  W.  Bennett  (Leeds)  asked  whether  it  was  proposed  to  use  a 
length  of  leaden  tube  equal  to  that  of  the  hole,  depending  on  time  for 
safety,  or  to  carry  the  tube  some  distance,  as  in  the  case  of  electric  wires  ? 
It  seemed  to  him  that  the  electrical  method  had  several  advantages  over 
the  Roth  system.  If  the  process  depended  on  time  for  the  chlorine  to 
act  on  the  permanganate  of  potash,  he  should  like  to  ask  whether  there 
was  not  a  chance  of  the  chlorine  getting  at  the  permanganate  prematurely 
owing  to  faults  in  the  formation  of  the  capsule,  and  if  that  was  not  an 
element  of  danger  ?  On  the  other  hand,  if  the  leaden  tube  was  to  be  as  long 
as  the  electric  wires  the  question  of  cost  would  ensue,  and  there  would 
not  be  much  advantage  in  this  system  over  the  electrical. 
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The  President  asked  whether  this  system  had  been  tried  in  England 
or  "Westphalia  ? 

Mr.  Nash  (Clarke's  Old  Silkstone  Colliery)  asked  whether  there  was 
any  possibility  of  a  shot  not  going  off  in  a  certain  time,  and  how  long 
the  mixture  in  the  bottle,  or  the  effects  of  it  remaining  in  the  tube, 
would  continue  to  act  ?  Was  there  a  possibility  of  the  shot  igniting  when 
the  man  who  was  supposed  to  be  attending  to  it  was  going  to  see  whether 
the  thing  had  gone  off  or  not,  and  how  a  collier,  who  was  not  a  chemist, 
was  to  know  when  the  detonator  had  gone  off  ? 

Mr.  G.  B.  Walker  said  that  very  little  more  leaden  tube  was 
required  than  the  length  of  the  shot-hole.  If  the  bottle  was  introduced 
just  outside  the  shot-hole,  it  was  all  that  was  wanted.  It  took  a  couple 
of  minutes  for  the  chemical  action  to  take  place,  and  there  was  plenty  of 
time  for  the  man  to  retire.  Dr.  Roth  wrote  him  that  it  had  been  used 
in  Westphalia  on  a  large  scale,  had  been  successful,  and  given  satisfaction 
to  those  who  used  it ;  but  no  doubt  the  men  employed  would  be  specially 
skilled,  would  thoroughly  understand  what  they  were  doing,  and  in  such 
circumstances  failures  would  not  occur.  There  was  no  question  of  taking 
leaden  tube  to  a  great  distance — he  did  not  see  any  object  to  be  gained 
by  doing  so.  With  regard  to  ascertaining  whether  chemical  action  had 
taken  place  or  not,  they  would  have  to  leave  it  for  some  hours,  just  as 
they  left  a  missed  shot  in  any  case.  After  that  they  might  assume  there 
was  no  danger.  He  believed  that  the  Roburite  Explosive  Company  had 
obtained  some  of  the  apparatus,  and  they  might  lend  them  for  experi- 
mental purposes. 

The  discussion  was  then  closed. 

DISCUSSION  ON  MR.  H.  ST.  JOHN  DURNFORD'S  "NOTES 
OX  THE  SINKING  OF  THE  NO.  1  PIT  AT  THE  ACTOX 
HALL  COLLIERY,"  ETC.* 

Mr.  Nash  said  that  Mr.  Durnford  promised  information  as  the 
driving  was  advanced,  to  show  what  was  the  cause  of  the  thinning-out  of 
the  silkstone  coal-seam,  and  until  they  got  that  information  the  members 
could  not  proceed  further  with  the  discussion. 

Mr.  R.  Sutcliffe  (Barnsley)  wrote  that  the  geologist  wishing  to 
correlate  the  coal-seams  of  South  Yorkshire  with  those  of  West  Yorkshire 
could  not  do  better  than  to  visit  the  valley  of  the  Dearne  at  Clayton 
*  Trans.  Fed.  Inst.,  vol.  x.,  page  44  1. 
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West  and  study  the  coal-seams  with  their  intervening  measures  which  crop 
out  there.  The  coal-seams  of  South  Yorkshire  crop  out  on  the  southern 
slope  of  the  valley,  having  a  north-westerly  rise,  and  they  carry  their  names 
with  them  to  the  outcrop.  The  seams  of  West  Yorkshire  crop  out  on  the 
northern  slope  of  the  same  valley,  rising  to  the  south-west,  bearing  the 
West  Yorkshire  names  to  their  outcrop.  This  fact  brings  the  disting- 
uishing names  of  the  two  districts  very  near  to  one  another,  and  makes 
the  identification  quite  simple  and  decisive. 

It  would  appear  that,  at  the  time  when  the  Geological  Survey  was 
made,  the  coal-seams  of  this  neighbourhood  were  not  much  known,  as  we 
find  on  the  geological  map  such  names  as  "  Clayton  common  coal " 
and  "unknown  coal,"  while  at  the  present  day  these  coal-seams  are 
thoroughly  identified — the  former  as  the  silkstone  four  feet,  and  the 
latter  as  the  Thorncliffe  thin  coal-seam. 

As  may  be  seen  from  these  remarks,  the  coal-seams  south  of  Clayton 
West  dip  to  the  south-east,  and  those  to  the  north  dip  to  the  north-east, 
forming  an  anticlinal  ridge  of  easy  inclination,  which,  together  with  the 
erosion  caused  in  the  formation  of  the  valley  somewhat  north  of  the  axis  of 
the  anticline,  causes  the  lower  measures  with  their  coal-seams  to  crop  out  in 
this  locality  much  farther  to  the  east  than  otherwise  they  would  have  done. 

There  is  an  old  impression,  which  he  (Mr.  Sutcliffe)  believed  still 
existed,  that  there  is  an  east-and-west  fault,  which  throws  up  the  coal- 
seams  to  the  south,  but,  in  the  writer's  opinion,  it  will  be  found  that  no 
such  fault  exists,  and  that  the  difference  of  level  is  caused  by  the  rise  in 
the  strata  just  referred  to. 

If,  for  convenience,  the  coal-seams  below  the  Flockton  bed,  which 
seem  to  be  common  to  both  districts,  are  enumerated,  the  following 
results  are  obtained  (numbering  them  downwards) : — 


Wrst  Yorkshire. 

South  Yorkshire 

No. 

1 

Name  of  Coal-seam. 

Feet. 

Name  of  Coal-seam. 

Feet. 

Old  hards... 

Parkgate  ... 

Strata  ... 

120 

Strata   ... 

120 

2 

Green  Lane  or  Middletor* 

little 

— 

Thorncliffe  thin 



Strata   ... 

54  to  60 

Strata   ... 

54  to  60 

3 

New  hards  or  Middeton 

main  ... 

— 

Swilly       

— 

Strata   ... 

60 

Strata  ... 

60 

4 

Wheatly     lime     or     old 

men's 

— 

Silkstone  four  feet 



Strata   ... 

105tol20 

Strata    ... 

105tol20 

5 

Blocking  bed 

— 

Silkstone  ... 

— 
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All  these  coal-seams  have  been  proved  in  the  locality  by  actual 
workings.  From  this  table  it  will  be  seen  that  the  swilly  coal-seam  of 
the  South  Yorkshire  district  is  the  Middleton  main  coal-seam  of  West 
Yorkshire.  The  Middleton  main  coal-seam  being  the  silkstone  seam  of 
West  Yorkshire,  it  is  clear  also  that  it  must  be  the  swilly  coal-seam  of 
South  Yorkshire. 

Mr.  John  Nevin  (Mirfield)  wrote  that  the  mistake  in  the  identifica- 
tion of  the  Middleton  main  or  West  Yorkshire  silkstone  coal-seam  seems 
to  have  arisen  from  the  distance  between  the  Haigh  Moor  and  this  seam 
being  at  Ackton  Hall  colliery  less  than  usual,  and  this  discrepancy  seems 
to  occur  chiefly  in  the  upper  part  of  the  section  between  the  Haigh  Moor 
and  the  Flockton  coal-seams.  He  had  drawn  to  scale  the  Ackton  Hall 
section  and  one  taken  from  two  collieries  in  the  West  Yorkshire  district 
(Fig.  2,  Plate  XII.).  In  the  Ackton  Hall  section,  .the  coal-seams  at 
1,455  and  1,458  feet  appear  to  represent  the  Flockton  thick  coal-seam; 
the  coal-seam  at  1,495  feet,  the  Flockton  thin  coal-seam;  those  at  1,557 
and  1,576  feet,  the  old  hards  coal-seam;  the  Green  Lane  or  Middleton 
little  coal-seam  is  absent;  the  coal-seam  at  1,724  feet  is  the  new  hards, 
Middleton  main,  or  West  Yorkshire  silkstone  coal-seam;  that  at  1,808 
feet,  the  Wheatley  lime  coal-seam;  that  at  1,932  feet,  the  blocking  coal- 
seam  ;  and  that  at  2,126  feet,  the  Beeston,  or  part  of  that  coal-seam. 

The  seams  between  the  Haigh  Moor  and  Middleton  main  coal-seams 
vary  a  great  deal  in  West  Yorkshire.  Commencing  at  the  northern 
outcrop  near  Drighlington,  there  is  found  near  the  surface  the  blendings, 
or  Flockton  thick  coal-seam,  2^  to  3  feet  thick,  generally  containing  a 
little  cannel  coal;  45  feet  below  there  is  the  Adwalton  black  bed,  or 
Flockton  thin  coal-seam,  2\  feet  thick,  and  good  house  coal ;  and  about 
75  feet  further,  at  124  feet,  the  brown  metal  coal-seam,  or  the  old  hards, 
has  the  following  section  :— 

Coal        ... 

Dirt 

Coal 

Dirt 

Coal 

Dirt 

Coal 

To  the  south,  at  Gildersome,  this  coal-seam  is  found  in  two  parts,  as 

follows : — 


Ft. 

Ius. 

0 

9 

0 

5 

1 

1 

0 

8 

0 

8 

0 

5 

1 

0 

Ft.  Ins.             Ft. 

Ins. 

0 

9 

0 

1 

0  11     to     1 

3 

15    0    to  21 

0 

0 

6 

1 

0 

2 

0 
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Coal  

Dirt  

Coal  

Measures  ... 

Coal  

Dirt  

Coal  

Further  south,  about  Dewsbury,  Thornhill,  and  Flockton,  the  first 
workable  searn  is  the  joan  coal  about  20  inches  thick  ;  about  80  feet 
lower  is  the  Flockton  thick  or  stone  coal-seam,  say  18  inches  thick,  part  of  it 
being  good  cannel ;  the  Flockton  thin  coal-seam,  good  house  coal,  2|  feet 
thick,  is  about  45  feet  lower,  or  at  131  feet ;  then  a  coal,  15  inches  thick, 
about  49  feet  lower,  or  at  180  feet ;  the  first  old  hards,  good  house  coal, 
2  feet  thick,  about  15  feet  lower,  or  at  195  feet ;  the  second,  old  hards, 
2  feet  thick,  about  15  feet  lower,  or  at  210  feet.  Only  one  of  the  old 
hards  coal-seams  is  generally  workable,  but  sometimes  both  are  sufficiently 
near  each  other  to  be  worked  together.  The  Green  Lane  or  Middleton 
little  coal-seam,  28  inches  thick,  about  72  feet  lower,  or  at  282  feet ; 
the  Middleton  main  new  hards  or  West  Yorkshire  silkstone,  3  feet  thick, 
about  66  feet  lower,  or  at  348  feet.  The  Wheatley  lime  coal-seam  and 
the  blocking  coal-seam,  although  not  always  workable,  are  always  present. 

The  next  seam  or  group  of  seams,  the  Beeston  coal-seam,  varies  very 
much  in  thickness.     Near  Cleckheaton,  a  section  is  as  follows  : — 


Blocking  coal-seam  ... 
Top  Beeston  coal-seam — 

Inferior  cannel 

Good  cannel 

Coal 

Low  Beeston  coal-seam — 
Inferior  cannel 

Dirts  

Good  cannel 

Low  Moor,  black  bed  coal-seam 
Low  Moor,  better  bed  coal-seam 

North  of  Batley,  the  Beeston  coal-seams  run  as  follows  : — 

Top  bed,  coal... 
Soft  bind,  etc. 

Coal      

Dark  bind,  etc. 
Low  bed,  coal... 

Total 


Thick- 

nesa. 
Ft.  Ins.  Ft.  Ins. 

2    6 

Depth  from 

Surface. 

Feet. 

90 

0  10 

0  10 

0    2 

1   10 

280 

0    4 

0    7 

1     2 
2     1 

312 

2     9 

540 

1     5 

660 

i  as  follows 

— 

Ft.  Ins. 

2    0 

14    6 

1    o 

2     8 

2     0 

22    2 
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Near  Morley,  the  Beeston  coal-seams  are  found  as  follows  : — 


Top  bed,  coal 
Dark  bind,  etc. 

Coal 

Dark  binds      . 

Low  bed,  coal  (with  three  partings) 


Ft.  Ius.      Ft.  Ins. 
2    2  to    2     6 
14     0 

1  6 

2  6 

3  6 


East  of  Leeds,  the  Beeston  forms  one  seam  with  4  to  5  feet  of  clean 
coal. 

At  Liversedge,  Dewsbury  Moor,  and  Mirfield,  all  within  1^  miles  of 
each  other,  the  measures  containing  the  Beeston  coal-seams  are  as 
follows : — 


Liversedge. 

Dewsbury  Moor. 

Mirfield. 

Thick- 

a 

Thick- 

A 

Thick- 

JS 

ness. 

CD 
fl 

Feet. 

ness. 
Ft.Ins. 

o 

n 

ness. 

« 
fl 

Ft  Ins. 

Feet. 

Ft  Ins. 

Feet. 

Blocking     coal- 

Blocking     coal- 

Blocking     coal- 

seam  ... 

2     6 

— 

seam  ... 

2     0 

— 

seam  

1     8 

— 

Coal-seam 

1     0 

147 

Coal      

2    3 

178 

Coal,    11    ins.  ) 
Dirt,      3     „    V 

Coal-seam 

2    5 

170 

Cannel... 

0    9 

190 

1     8 

170 

Coal-seam 

1     6 

186 

Coal  and  dirt  ... 

1  11 

213 

Coal,     6     ,,    ) 

Cannel 

Coal  and  dirt  ... 

Coal      

0  5 

1  11 

1     6 

182 
219 
235 

Low  Moor,  black 

Low  Moor,  black 

Low  Moor,  black 

bed  coal-seam 

2    7 

432 

bed  coal-seam  2     6 

450 

bed  coal-seam 

2     6 

474 

These  sections  show  that  although  the  distance  between  the  blocking 
coal-seam  and  Low  Moor  black  bed  coal-seam  is  fairly  regular,  the  inter- 
vening group  of  coal-seams  (representing  the  Beeston)  is  very  irregular. 


DISCUSSION    ON 


PROF.    LEWES'    PAPER 
EXPLOSIVES."* 


ON   "MINING 


Mr.  Harold  Bonser  (Leeds)  wrote,  pointing  out  that  tests  in  leaden 
blocks  had  operated  unfairly  with  respect  to  carbonite  and  ardeer  powder ; 
for  instance,  1  ounce  of  bellite  had  been  taken  to  be  equal  to  3f  ounces 
of  ardeer  powder,!  the  proper  proportion  taken  from  practical  tests  in 

*  Trails.  Fed.  Inst.,  vol.  ix.,  page  320  ;  vol.  x.,  page  454 ;  and  vol.  xi. ,  page  121. 
f  Report  of  the  Proceedings  of  tin-  i'lamdess  Explosives  Committee,  N.E.  Inst., 
page  17. 
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the  mine  being  1  ounce  of  bellite  to  2  ounces  of  ardeer  powder.  The 
following  table  represents  the  relative  strengths  of  tamped  explosives  in 
practical  working  : — 


Bellite 

Carbonite 
Ardeer  powder 
Blasting  powder 


Ounces. 
1 

14 

2 

3 


The  paper  by  Mr.  Winkhaus  on  "  The  Blasting  Efficiency  of  Explosives,"* 
in  some  measure  bears  out  the  above  opinion. 

The  following  table  recording  the  approximate  composition  of  the 
various  explosives  is  intended  to  show  that  British  made  explosives  are 
more  safe  than  those  manufactured  on  the  continent  : — 


Made  in  Germany. 

Made  in  Great  Britain. 

Per  Cent. 

Per  Cent 

Wetter  dynamite — 

Ardeer  powder— 

Nitro-glycerine     . . . 

..     52-9 

Nitro-glycerine    ... 

33 

Sulphate  of  magnesium  < 

>r 

Sulphate  of  magnesium  . 

50 

Epsom  salts 

..     32-7 

Nitrate  of  potassium 

5 

Kieselguhr 

..     14-4 

Kieselguhr 

11 

Chalk         

1 

100-0 

100 

Per  Cent. 

Per  Cent 

Kohlen-carbonite — 

Carbonite — 

Niti'o-glycerine    . . . 

..     25 -Of 

Nitro-glycerine    ... 

25 

Nitrate  of  potassium 

..     34-0 

Nitrate  of  potassium 

30 

Nitrate  of  barium 

10 

Nitrate  of  barium 

4 

Rye-meal   ... 

..     38-5 

Oak-bark  ... 

40 

Wood-meal 

10 

Chalk         

1 

Bicarbonate  of  sodium    . 

0-5 
innn 

inn 

The  writer  agrees  with  Messrs.  H.  Hall  and  J.  S.  Martin  in  their  con- 
clusion that  safety-explosives  "  should  be  used  between  shifts  in  the  absence 
of  the  workpeople,  or  the  vicinity  of  each  shot  should  be  made  damp  by 
copious  watering,"  and  would  further  suggest  that  the  shot-hole  itself  should 
be  thoroughly  syringed  out  at  the  same  time,  so  as  not  only  to  remove  the 
boring  dust  but  to  fill  up  all  the  interstices  in  the  coal  or  roof  with  water, 
so  that  a  cooling  film  of  water  would  be  interposed  between  the  flame  of 
the  shot  and  the  atmosphere,  in  the  case  of  a  break,  and  the  sides  of  the 
borehole  would  thus  have  a  greater  cooling  effect  on  the  gases  created  by 
the  shot.     It  may  be  said  that  nitrate-of -ammonium  explosives  would 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  264. 

f  The  chemical  analysis  of  a  sample  showed   that  the  proportion   of   nitro- 
glycerine was  29*5  per  cent. 
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probably  suffer  from  this  dampness,  but,  on  the  other  hand,  carbonite  and 
ardeer  powder  would  not  do  so,  but  would  explode  under  water,  if  fired 
within  reasonable  limits  of  time. 

In  the  writer's  opinion,  a  perfectly  safe  miniug  explosive  has  yet  to 
be  manufactured,  and  under  these  circumstances,  it  naturally  follows 
that  mechanical  methods  must  be  resorted  to  in  this  direction. 
Nothing  safer  has  been  employed  than  the  water-cartridge  or  the  gela- 
tinous-cartridge, which  cools  and  purifies  the  gases.  The'  Settle  water- 
cartridge  and  the  Heath  and  Frost  gelatinous-cartridge  have  never  yet 
been  known  to  cause  an  ignition  of  gas  or  coal-dust,  although  con- 
tinuously in  use  in  the  most  fiery  and  dusty  mines. 

The  writer  would  suggest  that,  in  the  next  experiments  that  arc- 
made,  the  committee  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  should  extend  their  observations  to  the  firing  of 
explosives  surrounded  by  water,  and  he  has  little  doubt  that  the  problem 
of  complete  safety  would  then  be  solved. 

It  was  mentioned  in  the  discussion  that  Prof.  Lewes  showed  that  a 
small  quantity  of  carbon  monoxide  would  make  a  mixture  of  coal-dust 
and  air  very  explosive,  and  that  by  igniting  carbonite  in  a  small  bomb, 
and  by  sprinkling  coal-dust  into  a  mixture  of  the  resulting  gases  with  air 
the  whole  was  readily  ignited  by  a  lighted  match.*  The  experiments 
carried  out  by  the  committee  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers  do  not  entirely  confirm  this  experience, 
and  after  all  actual  experiments  outweigh  all  theories.  It  is,  however, 
true  that  gunpowder  is  a  much  greater  offender  than  any  of  the  high 
explosives  producing  carbon  monoxide  after  ignition,  and  with  any  high 
explosive  the  quantity  of  carbon  monoxide  produced  by  a  shot  is  perfectly 
inappreciable  in  a  working-place. 

The  writer  is  of  opinion  that  the  conclusions  of  the  committee  of  the 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers  are  of 
greater  value  than  Prof.  Lewes'  theoretical  reasonings. 

Mr.  G.  B.  Walker  referred  to  Prof.  Lewes'  statement,!  and  said  that 
the  discussion  arose  on  the  subject  of  blown-out  shots.  It  was  assumed  that 
where  a  shot  was  blown  out  in  a  position  wThere  a  quantity  of  fine  dust 
was  suddenly  thrown  into  the  air,  the  carbon  monoxide,  however  small 
the  quantity,  was  projected  with  force  out  of  the  shot-hole,  together  with 
flame,  a  condition  of  things  which  would  start  a  coal-dust  explosion 
would  be  at  once  set  up,  and  coal-dust  was  sufficient  to  spread  the 
explosion  as  far  as  dry  coal-dust  existed. 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  4.">7.  i  Ibid. 
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Mr.  O'Shea  said  he  should  like  to  remark  in  reference  to  Prof.  Lewes' 
statement,  that  carbon  monoxide  was  a  much  more  explosive  gas  than 
was  generally  recognized,  and  this  had  been  remarkably  demonstrated  by 
Prof.  Dixon,  who  in  his  work  on  "  The  Rate  of  Explosions  in  Gases,"* 
had  shown  that  it  was  possible  to  get  a  most  violent  explosion  with  a 
mixture  of  carbon  monoxide  and  oxygen,  provided  that  the  gallery  in 
which  the  explosion  took  place  was  long  enough  for  an  explosive  wave  to 
be  produced.  If  an  explosion  was  started  in  a  vessel  of  short  length 
practically  little  or  no  violence  took  place — whatever  did  take  place 
would  be  of  very  moderate  character — but  if  the  vessel  was  of  sufficient 
length  to  enable  an  explosive  wave  to  be  set  up,  a  violent  explosion  took 
place.  Further,  if  the  presence  of  carbon  monoxide  does  increase  the 
sensibility  of  coal-dust  and  air  to  explosion,  it  must  be  remembered  that 
this  gas  is  one  of  the  products  of  the  distillation  of  coal,  and  if  the  flame 
from  the  explosion  of  a  shot,  shooting  into  a  dust-laden  atmosphere,  was 
to  heat  the  dust  sufficiently  to  cause  distillation,  carbon  monoxide 
would  be  produced,  and  the  conditions  of  increased  sensitiveness  result. 

Mr.  H.  Bonser  remarked  that  to  talk  of  the  danger  of  carbon 
monoxide  after  firing  gunpowder  in  the  pits  for  hundreds  of  years, 
appeared  to  him  like  locking  the  stable-door  when  the  steed  was  stolen — 
it  was  beyond  the  bounds  of  practical  enquiry,  and  merely  the  theory  of 
a  professor. 


The  meeting-  was  then  closed. 


Trans.  Fed.  Inst.,  vol.  in.,  page  312. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Bull  Hotel,  Wakefield,  June  13th,  1S96. 


Mr.  JOHN  NEVIN,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following  gentlemen  were  elected,  having  been  previously  nomin- 
ated : — 

Members — 
Mr.    Thomas  Harding   Churton,   Electrical  Engineer,    5,    South   Parade, 

Leeds. 
Mr.  Alfred  Crossland,  Mechanical  Engineer,  Middleton,  near  Leeds. 
Mr.  David  Russell,  Mining  Engineer,  Thorncliffe  Collieries,  Sheffield. 

Associates — 
Mr.  Alfred  Bedford,  Colliery  Deputy,  Church  Street,  Emley,  Wakefield. 
Mr.  John  Hobson,  Colliery  Under-manager,  Crigglestone,  Wakefield. 
Mr.  John   Partridge  Jenkins,  Civil  Engineer's  Assistant,  135,  Whitelea 

Road,  Swinton,  Yorkshire. 
Mr.  Ephraim  Ramsden,  Colliery  Under-manager,  Crigglestone,  Wakefield. 
Mr.  William  Robinson,  Colliery  Under-manager,  Calder  Grove,  near  Wake- 
field. 
Mr.  Charles  Sowerby,  Colliery  Deputy,  Town  End,  Emley,  Wakefield. 


PROPOSED  ALTERATION  OF  RULES. 

Mr.  H.  B.  Nash  gave  notice  that  at  the  ensuing  Annual  Meeting  he 
would  move  an  alteration  of  Rule  9,  that  after  the  words  "  eligible  for 
re-election  after  being  one  year  out  of  office"  instead  of  the  words  "  voting- 
papers  with  a  list  of  the  officers  shall  be  posted  to  all  members  of  the 
Institute,"  there  should  be  substituted  the  words,  "  and  the  election  of  all 
officers  shall  be  by  ballot,  and  ballot-papers  with  a  list  of  officers  shall  be 
posted  to  all  members  of  the  Institute,"  etc. 
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DISCUSSION7  ON  MR.  RANKIN  KENNEDY'S  PAPER  ON 
"ELECTRICAL  MACHINERY  FOR  MINES."* 

Mr.  A.  W.  Bennett  (Leeds)  said  it  seemed  to  him  that  a  combined 
system  of  alternating  and  continuous  currents  would  eventually  meet  the 
requirements  of  the  mining  engineer.  The  majority  of  electric  lighting 
central  stations  were  worked  on  the  alternating-current  principle,  and  it 
seemed  to  be  in  every  way  favourable  for  application  to  mining  work. 
He  (Mr.  Bennett)  obtained  a  slow  motion  for  an  electrical  pump  by  gear- 
ing down  ordinary  motors,  and  used  his  combined  current  for  the  purpose; 
but  unfortunately  he  did  not  get  a  much  higher  percentage  than  with 
the  ordinary  transforming  motion.  A  member  had  said  that  he  should 
not  like  to  carry  3,000  volts  into  the  pit ;  but,  in  a  continuous-current 
motor  running  500  volts  at  the  terminals,  in  the  event  of  any  accident  or 
break  they  could  not  tell  what  electrical  force  they  might  have  in  that 
current — it  might  rise  to  over  3,000  volts.  If  they  could  adopt  a  system 
that  obviated  the  difficulty  of  using  currents  of  500  volts  at  the  motor, 
and  enabled  them  to  use  only  100  volts  at  the  motor,  transforming  above 
or  below  ground,  the  whole  of  the  transformer  being  thoroughly  and 
strongly  enclosed,  it  looked  like  obtaining  a  solution  of  one  of  the  diffi- 
culties in  electrical  working. 

Mr.  T.  B.  A.  Clarke  (Tankersley)  said  that  no  doubt  alternating- 
current  dynamos  were  well  adapted  for  lighting,  but  it  was  doubtful,  at 
the  present  stage,  whether  they  were  adapted  for  driving  machinery 
where  the  load  was  subject  to  constant  variations,  and  that  was  a  crucial 
point.  No  doubt,  it  was  possible  to  deal  with  alternating  currents  down 
the  pit,  and  considerable  saving  in  cables  might  be  effected  by  the  use  of 
nigh-tension  currents.  There  was  no  case  on  record  of  a  continuous 
current  at  a  pressure  of  500  to  700  volts  having  caused  death,  or  even 
serious  damage.  It  was  possible,  after  breaking  the  current  in  a  certain  way, 
to  get  an  induced  shock  which  was  very  heavy.  If  high  pressures  were  used, 
there  "must  be  considerable  expense  incurred  in  protecting  the  wires,  as 
any  accident  from  a  pressure  of  1,500  volts  would  cause  almost  certain 
death.  He  thought  that  the  alternating-current  system  had  not  been 
more  extensively  used  owing  to  there  being  no  efficient  alternating 
motor.  For  lighting,  the  alternating-current  system  was  efficient,  as  a 
great  deal  of  power  could  be  distributed  over  a  large  area  at  a  small 
cost.  Many  lighting  installations  were  now  being  erected  on  the  continu- 
ous-current system,  as  at  Bradford,  as  a  large  revenue  ensued  from  the 

*   Tran-f.  Fed.  Iiixt.,  vol.  x.,  pages  98  and  457;  ami  vol.  xi.,  page  125. 
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use  of  motors,  which  could  not  be  driven  by  alternating  current.  If  Mr. 
Kennedy  had  an  alternating-current  motor  which  would  start  under  a 
considerable  load,  and  run  steadily  under  constant  fluctuations  of  load, 
there  would  be  a  great  future  before  it. 

Mr.  E.  Brown  (St.  John's  Colliery,  Normanton)  remarked  that  if 
Mr.  Kennedy's  results  could  be  got  from  his  motor,  it  would  be  very 
suitable  for  use  in  mines.  He  (Mr.  Brown)  did  not  approve  of  using  one 
machine  for  many  classes  of  work.  If  the  current  from  one  dynamo  was 
used  for  several  purposes,  it  might  be  required  for  hauling  and  pumping 
at  the  same  time  as  for  lighting.  A  continuous  current  of  700  volts  was 
used  at  the  St.  John's  collieries,  and  no  one  had  received  a  shock  suffi- 
cient to  hurt  him.  There  was  not  half  the  danger  that  people  thought 
about  electrical  transmission,  and  the  cost  was  much  less  than  that  of  any 
other  system.  Electricity  was  superior  to  any  other  system  for  the  trans- 
mission of  power  in  mines  free  from  gas. 

Mr.  Rankin  Kennedy  said  that  the  discussion  seemed  to  have  turned 
on  alternating-current  motors.  In  towns  lighted  by  electricity,  a  motor 
was  used  which  could  be  run  only  at  one  speed,  and  that  motor  had  not 
been  referred  to  in  his  paper,  because  it  could  not  be  used  in  mines  ;  it 
had  both  commutator  and  brushes.  The  polyphase-current  motor  had 
no  brushes :  it  could  start  with  any  load,  and  run  with  any  variation  of 
load.  In  answer  to  Mr.  Clark,  he  might  mention  that  not  long  ago  a 
man  was  killed  on  the  railway  at  Bush  Mill,  where  the  pressure  was  not 
supposed  to  exceed  250  volts,  and  there  were  other  instances  of  accidents 
with  continuous  currents  of  300  volts.  Any  pressure  which  would  work 
a  continuous-current  motor  would  also  work  an  alternating-current  motor, 
but  with  the  latter  there  was  the  advantage  of  being  able  to  use  high 
pressure  for  transmission  and  low  pressure  for  the  motor,  so  that  the 
alternating-current  motor  could  really  be  worked  at  a  much  lower  pressure 
than  the  continuous-current  motor. 

A  further  advantage  was  in  the  saving  of  the  cost  of  copper  mains.  The 
transmission  at  a  higher  pressure  enabled  a  7/20  wire  to  transmit  the  power 
for  a  12  horse-power  motor,  whereas  a  7/15  wire  was  required  for  an 
ordinary  continuous-current  motor  at  300  volts — the  one  lead  cost  £32 
and  the  other  £84  per  mile,  a  difference  exceeding  the  cost  of  transformers. 
A  further  gain  was  obtained  by  high  pressure  transmission — the  reduction 
of  the  loss  in  the  line  to  one-half  of  what  it  was  in  the  300  volts  con- 
tinuous-current system.  The  loss  in  the  line  was  taken  at  1^  volts  per 
300  feet  with  the  thinner  wires  and  at  2^  volts  with  the  thicker  and 
more  expensive  wires. 
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Another  advantage  of  the  alternating-current  over  the  continuous- 
current  system  was  that  300  volts  at  least  must  be  used  at  the  coal-cutter 
with  the  latter,  whilst  100  volts  could  be  used  with  the  former  system, 
a  very  considerable  advantage.  Although  an  alternating-current  motor 
was  slow  to  start,  it  was  not  dangerous  to  stop  it  ;  but  the  danger  in  the 
continuous-current  motor  was  in  stopping  it,  especially  by  force,  such  as  by 
jamming  or  a  fall  of  coal  on  the  cutting  machinery,  in  which  case  violent 
sparking  took  place.  The  alternating-current  motor  could  be  stopped  by 
force  without  the  slightest  spark :  iu  fact,  a  good  alternating  polyphase 
motor  protected  itself  because  no  more  than  two  or  three  times  the 
normal  current  could  pass,  when  it  was  stopped.  No  continuous-current 
motor  could  stand  such  a  test. 

Polyphase  motors  showed  as  high  an  efficiency  as  any  continuous- 
current  motors.  In  mining  work,  the  stopping  and  starting  of  polyphase 
motors  had  to  be  accomplished  without  an  unnecessary  number  of  switches 
and  resistances.  Some  efficiency  was  sacrificed  to  secure  extreme  simplicity 
in  the  working  of  the  motors,  because  in  starting  the  polyphase  motor,  as 
in  starting  the  continuous-current  motor,  some  resistance  must  be  placed 
in  the'  circuit  to  prevent  sudden  increased  current  when  switched  on. 

The  question  of  working  one  machine  for  two  circuits  was  only 
advantageous  where  they  would  be  likely  to  run  the  motor  pressure  at 
double  the  pressure  for  lighting — where  they  wanted  220  volts  for  light- 
ing they  might  run  440  volts  at  the  motor.  There  was  no  reason  why 
the  lighting  and  power  motor  should  not  be  run  from  one  dynamo  if  a 
double-circuit  continuous  generator  was  used. 

The  system  described  was  not  in  use  at  any  colliery,  but  experiments 
were  being  made.  Alternating  machines  could  be  run  at  various  loads, 
starting  from  nothing  up  to  full  speed. 

The  discussion  was  adjourned. 


DISCUSSION  ON  MR.  T.  SCOTT-ANDERSON'S  PAPER  ON 
"  ELECTRIC    WELDING."  * 

Mr.  Rankin  Kennedy  said  that  in  his  experience  cast-iron  could  not 
be  electrically  welded  by  the  arc- process. 

Mr.  T.  W.  H.  Mitchell  said  that  Mr.  Anderson  stated  that  he  had 
not  seen  any  satisfactory  welding  of  cast-iron. 

*  Trans.  Fed.  Inst.,  vol.  xi.,  page  40. 
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Mr.  Rankin  Kennedy  said  that  copper  welded  by  the  arc-process  lost 
40  to  50  per  cent,  of  its  strength  at  the  joint :  the  fusion  of  the  flange  in 
a  copper  joint  weakened  it  at  the  junction  of  the  flange  where  strength 
was  required. 

Mr.  E.  Brown  (Normanton)  said  that  in  the  patching  of  a  boiler- 
plate hammering  was  necessary,  but  in  the  case  referred  to  by  Mr.  Ander- 
son hammering  seemed  to  be  impossible.  Was  it  sufficient  to  lay  one 
plate  on  to  another  and  fuze  them  together  ?  Gentle  hammering  was 
mentioned  in  the  other  cases,  but  in  the  case  of  the  boiler-plate  it  was  not 
mentioned.     Were  the  repairs  effected  without  hammering  ? 

Mr.  Rankin  Kennedy  understood  that  the  electric  welding  by  the 
arc-process  could  be  effected  without  hammering,  but  special  plant  would 
be  required. 

Mr.  Brown  said  that  some  of  the  plates,  etc.,  mentioned  in  the  paper 
were  hammered,  and  he  should  like  to  know  whether  hammering  was 
necessary  or  merely  precautionary. 

Mr.  A.  W.  Bennett  said  that  there  was  no  rule  as  to  what  power 
would  be  required  for  such  and  such  work,  and  a  large  electric  plant  was 
required  for  an  output  of  250  amperes. 

The  discussion  was  adjourned. 


DISCUSSION  ON  MR.  ROBERT  MARTIN'S  PAPER  ON  "THE 
TREATMENT  OF  TIMBER  FOR  USE  IN  MINES."* 

Mr.  W.  E.  G-arforth  (Normanton)  said  that  in  a  previous  discussion 
some  of  the  members  spoke  of  the  difficulty  in  dealing  with  the  props  for 
a  mine  producing  1,000  tons  of  coal  a  day,  though  they  admitted  that  they 
had  tried  it  with  advantage.  Other  people  thought  that  one  workman 
would  be  able  to  dip  all  the  timber  required  for  a  large  colliery.  He  pro- 
posed to  use  some  of  the  treated  props,  and  at  some  future  time  he  would  be 
glad  to  lay  his  experience  before  the  Institute.  He  might  mention  that 
there  were  great  differences  in  the  hydrometrical  state  of  the  air  of 
mines.  At  the  West  Riding  collieries  in  the  silkstone  coal-seam,  1,440 
feet  deep,  there  were  7  or  8  degs.  between  the  readings  of  wet  and  dry 
bulb  thermometers ;  and  in  the  Stanley  main  coal-seam,  240  feet  deep, 

*  Trans.  Fed.  Inst.,  vol.  x. ,  page  531 ;  and  vol.  xi.,  page  90. 
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the  difference  in  readings  varied  from  1  to  1^  degs.  between  wet  and 
dry  bulb  thermometers.  One  of  the  members  spoke  of  the  weight  that 
timber  would  carry.  He  spoke  of  a  batten  9  inches  by  3^  inches  break- 
ing at  45  cwts.,  whereas  they  knew  from  experiments  made  with  a  press, 
capable  of  giving  a  force  of  500  tons,  that  a  prop  7  inches  in  diameter 
and  6  feet  long  would  carry  a  weight  of  137  tons. 

Mr.  E.  TV.  Thirkell  (Oaks  Colliery)  said  that  on  the  occasion  of  the 
visit  of  The  Federated  Institution  of  Mining  Engineers  to  Leeds  on 
February  15th,  1894,  Prof.  Goodman  made  some  tests  on  pit-props,  an 
account  of  which  he  ventured  to  think  would  be  interesting.  The  results 
were  as  follow  : — 

1. — A  prop  of  Norwegian  fir,  7  feet  long,  21  inches  in  girth  at  the 
bottom,  20  inches  in  the  middle,  and  18  inches  at  the  top,  began  to  crack 
with  about  20  tons,  and  broke  at  2 ^  feet  from  the  top  at  28'46  tons. 

2. — A  prop  of  similar  wood,  6  feet  long,  19  inches  in  girth  at  the  top, 
19  \  inches  in  the  centre,  and  20  inches  at  the  bottom,  broke  at  29  inches 
from  the  bottom  at  90'08  tons.     This  was  a  well-seasoned  dry  prop. 

3. — A  similar  prop  to  the  above,  of  green  English  larch,  but  not 
seasoned,  broke  at  36'00  tons. 

4. — A  Firth  steel  prop,  6  feet  long,  and  5  inches  by  4  inches,  with  a 
flange  or  web  -^  inch  thick,  and  5  square  inches  of  steel  in  section, 
weighing  50  lbs.  per  yard,  when  tested  bent  with  a  snap,  and  appeared 
to  collapse  with  a  strain  of  81*05  tons.  The  deflection  was  5|  inches 
from  a  straight  line. 

5. — A  steel  prop,  similar  to  the  above,  broke  at  a  strain  of  96'80  tons. 

The  most  interesting  point  in  connexion  with  the  above  detailed  tests 
was  the  great  difference  in  strength  between  a  prop  in  a  seasoned  or  dry 
and  in  a  green  condition.  Prof.  Goodman  stated  that  "  90*08  tons  was 
a  very  exceptional  result,  as  timber  varied  very  much  in  its  strength, 
probably  due  to  shakes  and  other  defects.  Green  props  usually  carried 
35  to  40  tons  before  giving  way." 

It  would  be  interesting  to  have  a  number  of  tests  made  on  a  number 
of  props,  both  seasoned  and  green,  because  if  there  was  anything  like  the 
difference  shown  by  the  above  tests,  it  would  certainly  be  worth  while  to 
take  steps  at  collieries  to  store  the  props  on  a  dry  floor  and  under  cover, 
and  generally  to  take  more  care  than  is  usually  done  to  preserve  them 
when  in  stock. 

Mr.  E.  Brown  said  that  the  breaking  strain  referred  to  in  Mr. 
Martin's  paper  was  that  of  timber  used  as  a  cross-bar,  set  on  props. 
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Mr.  W.  E.  Garforth  said  that  according  to  Mr.  Martin's  paper  there 
was  no  difference  between  salted  and  unsalted  timber  as  regarded  breaking 
strain.  Some  scientist  had  stated  that  the  strength  of  timber  varied 
directly  as  the  weight,  but  that  was  not  borne  out  by  experiment.  He 
had  seen  very  close-grained  timber  weighing  much  more  than  larch,  which 
had  broken  with  a  less  weight  than  open-grained  timber.  The  breaking 
'strain  of  English  oak  was  about  as  850  to  350  lbs.  for  larch,  750  lbs.  for 
ash,  and  500  lbs.  for  American  walnut. 

The  discussion  was  closed. 


DISCUSSION  ON  MR.  H.  ST.  JOHN  DURNFORD'S  "NOTES  ON 
THE  SINKING  OF  THE  NO.  1  PIT  AT  THE  ACKTON 
HALL  COLLIERY,"  ETC.* 

The  President  said  that  Mr.  Durnford  had  written  that  the  work- 
ings had  "  not  yet  been  driven  far  enough  in  the  proper  coal-seam  to 
make  any  further  discovery." 

Mr.  J.  O.  Greaves  (Wakefield)  said  that  he  should  like  to  know  the 
result  of  the  drivings  to  the  westward. 

The  discussion  was  adjourned. 


DISCUSSION    ON    MR.   HARGRAVE    WALTERS'   PAPER    ON 
"LEAD  AND  LAP  OF  WINDING  AND  OTHER  ENGINES." f 

Mr.  E.  Brown  said  that  it  was  news  to  him  to  hear  of  an  engine  running 
with  a  §  inch  lead,  and  the  compression  must  have  been  enormous.  The 
arrangement  for  moving  the  eccentrics  on  the  shaft  would  not  stand 
rough  hard  work.  All  the  driving  would  be  done  by  the  lever-and-pin, 
which  had  to  move  the  eccentrics  back  and  forward.  He  should  not  be 
inclined  to  add  to  the  labour  of  the  engineman,  who,  in  some  cases,  drew 
1,000  tons  in  a  day  of  8  or  9  hours. 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  444.  f  Tbid.,  vol.  xi.,  page  64. 
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The  President  agreed  that  the  engineman  should  not  be  given  an 
extra  handle  to  attend  to. 

Mr.  H.  Walters  wrote  that  the  lead  was  f  inch,  and  the  compression 
was  not  excessive,  but  just  what  it  should  be  at  the  speed.  The  eccentric 
gear  will  bear  any  test  or  rough  work.  It  was  not  necessary  to  tax  the 
engineman,  as  the  gear  could  be  operated  automatically. 

The  discussion  was  adjourned. 


The  meeting  was  closed. 


Voz.H  Plate  HI 


The  F&d&raZed  ListUuUon  ofMvtunq  Enqmeers. 
Trunsa/^ons  1895 "  6 

To  Wjustrate  Discussiorv  uporvMVH.  St  JohrvDicrnibrds^Totes  orv 
the, Sinking  of tkesAcktorv Hcdl  Colliery"  &c. 


SECTIONS  IN  WEST  YORKSHIRE, 

FROM  THE    HAIBH    MOOR 
COAL  -SEAM   TO  THE   LOW  MOOR 

BLACK  BED  COaT-SEAM. 

1900 

FEET. 


ACKTON  hall  colliery. 

BELOW  THE   HAIGH   MOOR 

COAL-SEAM. 


SECTIONS  IN   THE 
WEST  YORKSHIRE    DISTRICT 


ACKTON   HALL 
C 0LL1ERY  SECTIO N 

Continued 


1800  - 

ooal/S: 


HAIQH    MOOR 
COAL-SEAK 


COAL-SEAM,    1    7 


COAL-SEAM,    1    4 


FLOCKTON  THIN 
COAL-SEAM,    l'  s" 


JOAN 
COAL-SEAM.    l's"        1450 


FLOCKTON 
'THICK 
COAL-SEAM, 


OLD    HARDS 

COAL-SEAM,    1'2* 
STONE  1700 

COAL-SEAM,    I'o" 


BLACK  SCALE,    / 
REPRESENTING 
GREEN   LANE  OR 
MIDDLETON  LITTLE 
COAL-SEAM 


HAIGH  MOOR 
COAL-SEAM. 


COAL-SEAM.    2   4" 


COAL, 
COAL, 


4*" 


COAL,    1    1 " 


COAL,  0  8" 
GOAL,  o'e" 
COAL,    1'  10" 

COAL,    1'  0'' 


NEW  HARDS 
'MIDDLETON 
MAIN  OR    WEST 
YORKSHIRE 
SILK8TONE'  ' 
COAL-SEAM 


WHEATLEY  LIME 

COAL-8EAM,    2' a'' 
COAL  A  SCALE,  1'  »" 


1800  - 
coal  i'&i 
COAL    Oii' 


coal,  o  ei 

CANNEL  COAL.  0  4* 
SILKSTONE       ,      „ 
OOAL-SEAM.    2    5 


COAL,    0'4l" 

SUPPOSED 
SILKSTONE 
COAL-SEAM, 


COAL,    O'li" 


-BLOCKING 

COAL-SEAM,    l'  B" 
COAL    SMIT,    i* 


COAL  A  SMIT,  0  3" 
BLACK  SCALE,  1   8 


COAL  0  2 
COAL,  o'4" 
SHIRTCLIFFE_   _-  —■  — 

OR  BEE3TON 

COAL-SEAM,  1'  8"  / 
STONE  COAL,  0'  b" 


COAL' A  DIRT,  1    11 
COAL-SEAM,    l'  6" 


COAL,    0    S 


OANNEL  COAL,  0  29 


BLOCKING  (       H 

COAL-SEAM.    205 


CANNEL  COAL,  0  * 
COAL,    o'  si 


COAL,  0  2 

BEESTON  COAL  SEAM 
COAL.  O'li"  l'o 
COAL,  O  sj 


COAL,    o'  4" 


LOW  MOOR 
BLACK  BED 
COAL-SEAM,    2    8 


LOW  MOOR 
BETTER  BED 
COAL-SEAM,    1    6 


Scale/ 100 -Feet  bollrvclv 


MiMandlnstitutevfMiriing.Civil&Mechaji'-CaJ^En^irieers. 
Trans  c^ctums  1895'S. 


Vol  Mi Plate  DC. 


TRANSACTIONS.  149 


MIDLAND  INSTITUTE  OF  ^MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


ANNUAL  GENERAL  MEETING, 
Held  at  the  Harvey  Institute,  Barnsley,  July  22nd,  1896. 


Mr.  JOHN  NEVIN,  Retiring -President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


Messrs.  "W.  Sutton  and  R.  Holiday  were  appointed  scrutineers  of  the 
voting-papers  for  the  election  of  officers,  and  of  the  balloting-papers  for 
representatives  on  the  council  of  The  Federated  Institution  of  Mining 
Engineers  for  189G-97. 


The    following    gentlemen    were    elected,    having    been    previously 
nominated : — 

Members — 

Mr.    Frederick    Boulden,   Lecturer   in   Engineering,    Sheffield   Technical 

School,  Sheffield. 
Mr.  Richard  Brancker,  Colliery  Proprietor,  39,  Cannon  Street,  Liverpool. 
Mr.  Samuel  Clough,  Mechanical  Engineer,  Micklefield  Colliery,  near  South 

Milford. 
Mr.  Peter  Sinclair  Haggie,  Engineer,  Gateshead-upon-Tyne. 
Mr.  William  Arthur   Hargreaves,  Surveyor,  Micklefield  Colliery,  near 

South  Milford. 
Mr.   Wilfred   Marshall  Harrop,  Mechanical  Engineer,  Princess  Street, 

Morley,  near  Leeds. 
Mr.  George  Crosby,  Colliery  Manager,   Croft    House,   Featherstone,  near 

Pontefract. 

Student — 
Mr.  John  Neal,  Jun.,  Mining  Student,  Middleton,  near  Leeds. 


The  Annual  Report  of  the  Council  and  the  statement  of  accounts  for 
the  past  year  were  read  as  follows  : — 

14 
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THE  COUNCIL'S  ANNUAL  REPORT. 

The  Council  have  pleasure  in  presenting  to  the  members  of  the  Insti- 
tute their  report  on  the  work  of  the  past  year. 

The  number  of  members  for  the  past  two  years  is  as  follows  : — 


1894-95. 

1895-96. 

Incref 

Life  Members 

4 

4 

— 

Honorary  Members 

11 

11 

— 

Members    ... 

...       210 

.       223 

13 

Associate  Members 

7 

10 

3 

Associates... 
Students    ... 

8 
6 

11 
9 

3 
3 

Totals         246  268  22 

Showing  an  increase  of  22  in  all  classes  over  last  year. 

The  Council  desire  to  draw  the  attention  of  members,  when  proposing 
gentlemen  for  election  to  the  Institute,  to  the  rules  applicable  to  the 
classification  of  candidates,  which  will  be  found  at  the  back  of  the  nomi- 
nation-papers. 

The  following  papers  have  been  read  during  the  past  year : — 

"Telephonic  Communications  in  and  about  Coal-mines."     By  Mr.  A.  W. 

Bennett. 
"  Notes  on  the  Sinking  of  the  No.  1  Pit  at  the  Ackton  Hall  Colliery,  with 

Special  Reference  to  the  Thinning  Out  of  the  Silkstone  and  Beeston 

Coal-seams."     By  Mr.  H.  St.  John  Durnford. 
"  Obituary  of  Mr.  Joseph  Mitchell."     By  Mr.  G.  J.  Kell. 
"  Electrical  Machinery  for  Mines."     By  Mr.  Rankin  Kennedy. 
"Method   of   Closing   the   Tops   of   Upcast   Winding -Shafts."       By  Mr. 

Alex.  Reid. 
"  The  Roth  Method  of  Firing  Shots."     By  Mr.  Geo.  Blake  Walker. 
"Adjustable  Piston-Rings."     By  Mr.  H.  Wormald. 

The  arrears  of  subscriptions  for  the  year  1895-96  amount  to  £19  10s., 
as  against  £16  10s.  last  year  ;  to  the  latter  amount  must  be  added 
£7  10s.,  balance  of  arrears  for  1893-94,  making  a  total  of  £24,  which, 
in  the  opinion  of  the  Auditors  last  year  would  prove  a  realizable  asset. 
Of  this  amount,  £18  has  been  paid,  leaving  a  balance  of  £6,  which  has 
now  been  struck  off  as  irrecoverable,  leaving  £19  10s.  arrears  for  the  past 
year  to  be  dealt  with  :  of  this  amount,  £15  is  estimated  by  the  Auditors  to 
be  recoverable. 

The  Council  have  to  record  with  deep  regret  the  death  of  Mr.  Thomas 
Carrington,  F.G.S.,  M.  Inst.  C.E.,  and  one  of  the  past-Presidents  of  the 
Institute.     Mr.  Carrington  was  one  of  the  leading  mining  engineers  of  the 
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district,  a  member  of  the  Examination  Board  for  Managers'  Certificates, 
and  a  most  energetic  and  popular  member  of  the  Midland  Institute,  whose 
interests  it  was  always  his  endeavour  to  promote.  The  fact  that  Mr. 
Carrington's  end  was  hastened  by  overwork  and  worry,  has  made  his 
death  a  subject  of  special  regret,  and  the  Council  have  communicated  to 
Mrs.  Carrington  and  the  family  the  sincere  sympathy  of  the  members  of 
Institute.  A  memoir  of  Mr.  Carrington  will  shortly  be  published  in  the 
Transactions. 

There  have  been  held  during  the  past  year  six  meetings,  and  the 
Council  would  call  the  attention  of  members  to  the  fact  that  Students 
are  admitted  up  to  the  age  of  twenty-five  years.  Further,  that  a  series  of 
meetings  are  arranged  in  connexion  with  The  Federated  Institution  of 
Mining  Engineers  for  the  special  benefit  of  the  Students,  and  prizes  are 
awarded  for  the  best  papers. 
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The  report  aud  statement  of  accounts  were  adopted  on  the  motion  of 
Mr.  J.  Longbotham,  seconded  by  Mr.  E.  W.  Thirkell. 


ELECTION  OF  OFFICERS  FOR  1890-97. 
The  scrutineers  reported  the  results  of  the  elections  as  follows  : — 

President  : 
Mr.  George  Blake  Walker. 

Vice-Presidents  : 
Mr.  A.  A.  Atkinson.      |      Mr.  E.  W.  Thirkell.      |      Mr.  J.  E.  Chambers. 


Council  : 
Mr.  Jno.  Longbotham. 
Mr.  M.  Hall. 
Mr.  H.  B.  Nash. 
Mr.  W.  Hy.  Chambers. 


Mr.  J.  Mellors. 
Mr.  J.  R.  Robinson  Wilson. 
Mr.  H.  St.  John  Durnford. 
Prof.  F.  W.  Hardwick. 


Secretary  and  Treasurer  •. 
Mr.  T.  W.  H.  Mitchell. 


REPRESENTATIVES  ON  THE  COUNCIL  OF  THE  FEDERATED 
INSTITUTION  OF  MINING  ENGINEERS,  1890-97. 


Mr.  A.  M.  Chambers. 
Mr.  W.  E.  Garforth. 
Mr.  Jon.  Lonobotham. 
Mr.  J.  Nevin. 


Mr.  C.  E.  Rhodes. 

Mr.  Geo.  Blake  Walker. 

Mr.  F.  N.  Wardell. 


The  Chairman  said  that  he  had  much  pleasure  in  vacating  the  chair 
to  give  place  to  Mr.  G.  Blake  Walker.  He  beggred  to  thank  the  vice- 
presidents,  the  council,  and  the  members  for  the  universal  kindness 
extended  to  him  during  his  period  of  office. 

The  President,  on  taking  the  chair,  said  that  he  accepted  with 
great  diffidence  the  nomination  of  the  council  to  stand  as  President  of 
the  Institute.  He  asked  the  members  to  pass  a  hearty  vote  of  thanks  to 
Mr.  Nevin,  who,  during  the  past  few  years,  had  ably  occupied  the  chair, 
and  attended  the  meetings  with  almost  absolute  regularity.  Mr.  Nevin 
had  done  much  to  foster  the  progress  of  the  Institute,  not  only  during 
his  term  of  office  of  President,  but  for  many  preceding  years  during 
which  he  had  been  an  active  member. 

The  vote  was  carried  by  acclamation. 
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Mr.  Nevin,  replying,  said  that  he  was  much  obliged  to  the  members 
for  their  vote  of  thanks.  His  term  of  office  had  been  a  most  pleasant  one. 
He  felt  that  he  left  the  Institute  in  good  hands,  and  he  hoped  that  it 
would  still  go  on  in  the  path  of  prosperity,  and  that  its  usefulness  and 
membership  would  alike  increase.  The  members  could  not  have  any 
one  better  to  lead  them  in  that  way  than  their  new  President,  Mr.  G-. 
Blake  Walker. 


ELECTION  OF  OFFICERS  BY  BALLOT. 

Mr.  Thirkell  (Oaks  Collieries)  moved  that  Rule  9  be  altered  by 
adding  in  line  15  the  words  "the  election  of  all  officers  shall  be  by 
ballot;"  that  the  word  "ballot"  in  lines  13  and  15  be  substituted  for 
the  word  "voting;"  and  that  the  word  "signed"  in  line  1(5  be  struck 
out. 

Mr.  W.  Hoole  Chambers  (Tankersley  Colliery)  seconded  the  motion. 

The  motion  was  carried  unanimously. 


Mr.  T.  B.  A.  Clarke  read  the  following  paper  on  "Electric  Coal- 
cuttino-  on  Lono-wall-faces  " : — 
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ELECTRIC  COAL-CUTTING  ON  LONGWALL-FACES. 


By  T.  B.  A.  CLARKE. 


The  present  position  of  the  coal  trade  is  so  bad  and  the  general  out- 
look so  gloomy  that  the  study  of  any  system  which  will  lessen  the  cost  of 
production  will  always  be  an  acceptable  one  to  those  interested  in  coal- 
mining. It  would  appear  in  the  light  of  events  more  or  less  recent  that 
the  price  of  labour  itself  in  collieries  is  not  likely  to  be  materially  reduced 
in  the  near  future  unless  the  miners  modify  their  views  with  regard  to 
certain  economic  tenets  formulated  by  themselves  and  therefore  at  present 
dear  to  their  hearts.  Again,  we  gather  from  statistics  published  periodi- 
cally that  the  collier  of  to-day  does  less  work  than  his  predecessors,  and 
as  this  tendency  has  been  continuous  for  a  considerable  period  it  is  more 
than  probable  that  unless  some  new  system  of  coal-getting  is  employed 
many  collieries  will  have  to  considerably  extend  their  working-faces  in 
order  to  maintain  their  output  of  coal.  These  considerations  have  led 
many  mining  engineers  to  regard  the  use  of  coal-cutting  machines  as  a 
probable  solution  in  many  cases  of  the  difficulties  which  for  some  time 
past  have  rendered  the  profitable  working  of  many  seams  well  nigh  im- 
possible. 

It  is  not  surprising  therefore  that  a  large  amount  of  attention  has  for 
a  considerable  time  been  devoted  to  this  subject,  and  with  such  good 
effect  that  coal-getting  by  machinery  has  been  in  successful  operation  for 
the  last  twenty  years  at  a  number  of  English  and  Scotch  collieries. 

Until  about  1890,  it  was  the  universal  practice  to  employ  compressed 
air  as  the  motive  power.  The  lowness  of  the  efficiency  and  consequent 
high  cost  of  working  have,  however,  greatly  limited  its  use. 

The  rapid  strides  made  in  the  applications  of  electricity  as  a  motive 
power  for  all  classes  of  mining  machinery  have  marked  it  out  as  eminently 
adapted  to  this  class  of  work,  and  though  progress  has,  perhaps,  not  been 
quite  so  rapid  as  might  have  been  expected,  there  can  be  little  doubt  that, 
where  conditions  are  favourable  for  its  use,  electricity  will  henceforward 
take  the  leading  place  as  a  motive  power  for  coal-cutting  machines.  A 
number  of  excellent  papers  on  coal-cutting  by  air-driven  machines  have 
already  appeared  in  the  Transactions  of  The  Federated  Institution  of 
Mining  Engineers,  and  the  members  are  doubtless  well  acquainted  with 
the  results  obtained  in  the  instances  cited. 
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The  writer  proposes  in  this  paper  to  describe  briefly  the  method  and 
apparatus  employed  in  cutting  coal  electrically,  to  compare  electricity  as 
a  motive  power  with  compressed  air,  and  to  give  some  results  obtained  in 
seams  of  various  thickness  by  electrically-driven  machines.  It  is  assumed 
that  the  members  are  more  or  less  familiar  with  the  principles  underlying 
electric  transmission  of  power.  It  is  so  generally  used  now  at  collieries 
for  one  purpose  or  another  that  the  majority  of  the  members  will  be  con- 
versant with  the  nature  and  relationship  of  volts,  amperes,  and  ohms, 
in  other  words  the  units  of  pressure,  quantity,  and  resistance. 

The  writer  will  now  describe,  somewhat  in  detail,  an  electric  coal- 
cutting  plant.  "We  will  assume  that  the  seam  is  3  feec  thick,  that  the 
holing  is  carried  4^  feet  under,  and  that  80  linear  yards  per  shift  are  cut 
by  each  machine.  We  will  also  suppose  that  each  machine  cuts  for  two 
shifts  each  day — that  is,  16  hours  out  of  the  24 — and  that  three  machines 
are  constantly  at  work.  First,  a  few  words  as  to  the  assumptions  we  have 
made.  The  standard  of  80  yards  per  shift  is  based  on  the  actual  perform- 
ances of  the  machines,  to  which  the  writer  is  specially  alluding  under 
the  conditions  postulated  above.  It  will  be  found  good  practice  to  work 
the  machines  two  shifts  per  day  where  the  faces  are  of  good  length,  the 
gates  not  too  far  apart,  and  where  conditions  are  generally  favourable  for 
rapidly  clearing  the  face  after  the  coal  is  cut.  The  third  shift  can  be 
utilized  for  doing  any  necessary  repair  on  the  machine,  and  periodically 
overhauling  it  generally — a  practice  always  advisable.  If  the  machines 
cut  only  for  one  shift  per  day,  double  the  number  of  machines  will  have 
to  be  employed  to  get  the  required  output,  a  larger  generating-plant  will 
be  necessary,  and  more  length  of  working-face  will  be  required  to  give  the 
best  economical  results.  The  depth  of  undercut  of  4^  feet  is  the  general 
practice  nowadays  in  seams  where  the  thickness  is  not  less  than  3  feet. 
In  seams  of  less  thickness  than  3  feet,  the  difficulty  of  transporting  a 
wheel  over  5  feet  in  diameter  has  hitherto  limited  the  depth  of  the  under- 
cut. The  writer  suggests  the  use  of  a  cutter-wheel,  split  into  two  parts 
segmentally,  which  would  effectually  dispose  of  this  difficulty. 

On  the  above  assumptions  the  machines  will  undercut  480  linear  yards 
per  day,  producing  between  600  and  700  tons  of  coal  daily.  Assuming 
that  the  faces  are  400  yards  long,  the  gates  may  be  placed  at  such  a  dis- 
tance apart  that  the  coal  already  cut  can  be  filled  out  in  three  days,  for 
by  that  time  the  machine  will  be  again  cutting  there. 

We  will  consider  first  the  engines  for  driving  the  dynamo.  The  type 
of  engine  most  in  favour  at  present  for  dynamo-driving  is  the  vertical 
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high-speed  engine,  and  in  the  writer's  opinion  this  type  offers  many 
advantages  over  the  horizontal  engine  for  this  purpose— in  cheapness  of 
first  cost  of  engine,  engine-house,  beds,  and  repairs.  Direct-coupled 
engines  and  dynamos  effect,  no  doubt,  great  saving  in  space ;  but  in  this 
case,  where  the  load  will  certainly  fluctuate  rapidly  between  wide  limits, 
a  belt  is  most  useful  in  taking  up  and  minimizing  the  sudden  mechanical 
strains,  which  otherwise  might  ere  long  act  prejudicially  on  the  armature 
of  the  dynamo.  Compound  engines  for  this  purpose  will  probably  not 
find  much  favour,  on  account  of  the  low  steam-pressure  in  use  at  most 
collieries  and  the  rapid  fluctuations  of  the  load. 

For  the  above  purpose  the  engine  should  indicate  about  80  horse- 
power, and  run  at  a  speed  of  about  250  revolutions  per  minute.  Two 
cylinders,  14  inches  in  diameter,  12  inches  stroke,  and  worked  with 
40  lbs.  of  steam  pressure  in  the  cylinder,  would  give  the  requisite  power. 
The  cost  of  such  an  engine,  with  a  suitable  governor,- would  be  about 
£380. 

The  dynamo  for  this  purpose  should  be  a  compound- wound,  pre- 
ferably an  undertype  machine,  that  is  with  the  centre  of  gravity  of  the 
moving  parts  kept  low.  It  should  be  capable  of  working  continuously 
at  an  output  of  65  horse-power.  At  a  speed  of  600  revolutions  per 
minute  it  should  give  400  volts  on  open  circuit,  and  440  volts  with  a 
load  of  120  amperes,  that  is,  it  should  be  over-compounded  40  volts  to 
allow  for  loss  of  pressure  in  the  line  at  full  load.  This  is  merely  a 
matter  of  economy,  and  would  be  objectionable  if  the  same  dynamo  were 
used  for  lighting ;  in  that  case  larger-section  cables  would  have  to  be 
used,  and  the  loss  in  line  thereby  reduced.  The  points  which  are  essential 
in  the  design  of  a  dynamo  for  this  purpose  are :— (a)  Mechanical  strength ; 
(b)  thorough  insulation ;  and  (c)  freedom  from  sparking  under  varying 
load.  There  is  no  difficulty  in  obtaining  these  conditions  if  the  design 
and  manufacture  be  carefully  carried  out  by  experienced  people.  The 
efficiency  of  the  dynamo  should  reach  at  least  90  per  cent,  at  lull  load. 

The  switchboard  should  be  similar  to  any  ordinary,  well-designed 
electrical  switchboard,  and  should  have  mounted  on  it  a  suitable 
ammeter  and  voltmeter,  main  double-pole  switch,  and  main  double-pole 
cut-out.  The  switch  should  have  a  break  of  at  least  5  inches,  and  a 
carrying  capacity  of  150  amperes,  the  fuses  should  be  constructed  to  fuse 
at  this  current,  which  is  too  low  to  cause  injury  to  the  dynamo  unless 
continued  for  a  considerable  time.  Its  purpose  is  merely  to  protect  the 
dynamo  iu  case  of  a  short-circuit  on  the  main  cables.     In  the  branch 
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cables  to  the  various  machines  double-pole  fuses  of  50  amperes  capacity 
should  be  inserted  at  accessible  points,  and  these  will  amply  protect  the 
various  machines.  The  writer  has  tried  automatic  cut-outs  actuated 
magnetically  by  the  action  of  the  main  current  passing  round  a  solenoid, 
but  found  that  they  were  uncertain  and  troublesome  at  a  voltage  of  400, 
and  considers  that  the  ordinary  fusible  cut-out  of  sufficient  length  gives 
by  far  the  best  results. 

The  cables  used  in  this  installation  should  be  carefully  selected  to 
suit  the  conditions  of  the  mine,  and  if  this  be  done  their  life  should 
equal  that  of  any  part  of  the  plant.  The  cable  which  will  be  found 
equal  to  almost  any  conditions  is  the  type  insulated  with  pure  and 
vulcanized  rubber,  and  served  with  a  strong  protective  covering  of  tarred 
hemp  and  braid.  It  is  a  good  practice  to  use  a  standard  insulation- 
resistance  of  2,000  megohms  per  mile  :  the  cost  is  very  little  more  than  if 
a  standard  of  600  megohms  be  used,  and  it  is  of  the  utmost  importance 
that  the  insulation-resistance  of  the  whole  circuit  should  be  as  high  as 
possible. 

Concentric  cable  is  being  largely  used  in  colliery  installations,  but  for 
coal-cutting  work  it  is,  in  the  writer's  opinion,  by  no  means  to  be 
recommended,  and  two  separate  cables,  though  costing  some  15  per  cent, 
more,  are  preferable  for  the  following  reasons : — 

1. — A  short  circuit  is  almost  impossible,  as  the  cables  of  opposite 
polarity  can  be  kept  any  desired  distance  apart. 

2. — Single  cables  are  rapidly  spliced  and  extended,  and,  in  case  of 
severe  abrasion,  re-insulated ;  in  many  cases  it  would  be  impossible  to 
repair  concentric  cable,  and  it  would  need  to  be  returned  to  the  cable- 
maker,  causing  thereby  great  expense  and  inconvenience. 

In  fixing  the  cables  in  the  shaft,  they  should  hang  vertically,  the 
weight  being  taken  every  15  yards  by  tying  them  to  insulators  fixed 
firmly  in  the  shaft.  It  is  not  a  good  plan  to  make  cables  carry  too  much 
weight  without  support,  as  a  heavy  strain  is  put  on  the  insulation  which 
in  time  may  cause  serious  trouble. 

Along  the  roads  belowground,  the  cables  should  be  tied  to  insulators 
every  8  or  10  yards,  tar- band  should  be  used  (not  wire),  and  no  great 
strain  should  be  put  upon  them.  If  this  plan  be  used,  breakage  of  a 
cable  will  be  almost  unknown,  a  heavy  fall  of  roof  will  simply  sway  them 
on  to  the  floor  without  causing  any  damage  further  than  surface-abrasion, 
which  is  easily  repaired. 

The  writer  has  seen  many  falls  of  roof  dislodge  considerable  lengths 
of  cable,  in  some  cases  as  much  as  200  tubloads,  but  he  has  never  seen  a 
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severance  of  the  main  cable  from  this  cause.  As  above  remarked,  all 
danger  of  a  short  circuit  can  be  avoided  by  carrying  one  cable  along  each 
side  of  the  road. 

At  each  point  where  the  branch-cables  join  the  main  circuit  a  double- 
pole  switch  should  be  inserted  in  the  branch-line.  This  ensures  that 
extensions  of  the  various  branches  can  be  carried  on  without  interruption 
to  the  current  in  the  main  circuit.  At  the  face-end  of  each  gate,  along 
which  the  branch-cables  are  taken,  double-pole  switches  should  be  placed : 
these  fulfil  the  double  purpose  of  forming  a  rapid  means  of  connexion 
between  the  branch-cables  and  those  which  the  machine  drags  after  it 
along  the  face,  and  also  of  cutting  off  all  current  from  the  face  when  any 
work  has  to  be  done  on  the  coal-cutter,  a  precaution  which  should  always 
be  observed. 

This  cable,  which  is  dragged  along  the  face,  is  obviously  liable  to  very 
rough  usage,  and  the  writer  has  experimented  with  many  kinds  of  cable 
in  order  to  test  their  suitability.  Twin  and  concentric  cables  are 
objectionable  on  account  of  their  want  of  flexibility,  liability  to  kink,  and 
risk  of  short-circuit.  Armouring  the  cable  or  serving  it  spirally  with 
wire  makes  it  less  liable  to  abrasion,  but  a  fall  of  roof  or  coal  is  almost 
certain  to  drive  the  armouring  into  contact  with  the  copper  core  and  thus 
put  the  circuit  to  earth.  Here,  again,  the  writer  has  found  it  by  far  the 
most  satisfactory  plan  to  use  two  lengths  of  ordinary  vulcanized,  strongly 
braided  cable  40  yards  long,  e.g.,  sufficient  to  carry  the  machine  over  80 
yards  of  face  without  disconnecting  if  the  gates  be  40  yards  apart  and 
every  alternate  one  is  wired.  These  cables,  when  abraded,  can  be  patched 
and  used  in  the  gates  for  extension  of  the  branch  circuit.  As  an  example 
of  the  economy  of  this  plan  the  writer  may  mention  that  at  a  neighbour- 
ing colliery,  where  electric  coal-cutters  have  been  in  constant  operation  for 
three  years,  and  where  from  3  to  4  miles  of  cable  are  in  use,  no  cable  has 
been  discarded  in  that  time  or  appears  likely  to  be  in  the  near  future. 

The  writer  will  now  state  what  he  considers  to  be  the  essential  features 
of  a  good  electrical  coal-cutting  machine : — 

1. — The  electric  motor  should  be  of  sufficient  capacity  to  cope  with 
any  load  likely  to  occur  in  the  ordinary  course  of  its  work. 

2. — The  mechanical  strength  of  the  machine  should  be  limited  only 
by  the  consideration  of  size  and  weight. 

3. — The  rough  usage  to  which  the  machine  is  subject  renders  it 
necessary  that  all  electrical  parts,  which  in  themselves  are  comparatively 
fragile,  should  be  etliciently  enclosed  and  protected. 
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4. — The  limited  space  available  for  the  operator  renders  it  of  para- 
mount importance  that  no  precaution  should  be  omitted  to  ensure  safety 
of  life  and  limb. 

After  a  considerable  experience  of  many  types  of  electric  coal-cutting 
machines,  the  writer  is  of  opinion  that  the  disc-wheel  is  by  far  the  most 
suitable  implement  for  long-wall  coal-cutting.  Its  most  persistent  rival 
is  the  fast-running  cutter  bar ;  and  it  is  claimed  for  the  bar  that  it  is 
lighter  than  the  wheel,  and  allows  the  coal  to  be  nogged  much  nearer  to 
the  cut  than  in  the  case  of  the  wheel.  The  objection  to  the  size  and 
weight  of  the  wheel  can,  as  the  writer  has  already  shown,  be  avoided  by 
having  it  split  segmentally.  The  coal  cut  by  the  bar  can  certainly  be 
nogged  closer  than  in  the  case  of  the  wheel,  provided  the  holing-dirt  has 
been  dislodged  from  the  cut.  The  wheel,  owing  to  its  large  superficial 
area,  has  little  or  no  tendency  to  climb,  i.e.,  to  deviate  from  the  plane 
of  its  cut,  if  the  road-layer  in  front  does  his  work  properly.  The  bar- 
cutter,  however,  has  an  almost  insuperable  preference  for  the  path  of  least 
resistance,  a  partiality  which,  in  the  writer's  experience,  often  lands  it 
high  up  in  the  coal:  in  fact,  in  the  softest  material  it  can  find.  Great 
care  on  the  part  of  the  workmen,  and  constant  use  of  the  adjusting-screws 
with  which  bar  machines  are  usually  equipped,  may  modify  the  tendency 
somewhat;  but  it  is  a  vital  fault,  and  greatly  impairs  the  working  capacity 
of  the  machine.  The  disc-wheel  brings  out  its  own  holing-dirt,  the  bar 
does  not;  and  if  the  holing  be  not  raked  out  by  hand  at  once  any  settling 
of  the  coal  may  pack  the  dirt  so  tight  that  it  will  be  necessary  to  hole  it 
again,  an  accident  which  often  happens  with  a  bar-cutter. 

Again,  if  we  compare  the  actions  of  the  disc  and  bar-cutters  it  will  be 
seen  that  the  disc- wheel  acts  practically  as  a  rip-saw  and  the  bar  as  a 
crosscut  saw;  also,  in  the  case  of  a  broken  cutter,  the  disc-wheel  brings  it 
out  with  the  holing  dirt,  whilst  the  bar  would  have  to  cut  through  it,  and 
as  the  cutters  are  made  of  the  very  toughest  steel  the  effect  on  the  bar  is 
serious.  From  the  above  considerations  one  would  not  expect  a  bar  to 
hole  successfully  in  hard  material — e.g.,  hard  bind  with  lumps  or  thick 
layers  of  iron  pyrites,  and  in  the  writer's  experience  it  has  never  satisfac- 
torily done  so. 

Another  class  of  coal-cutting  machine  makes  use  of  a  revolving  chain, 
fitted  with  cutters,  which  do  the  underholing.  The  chief  objections  to  the 
chain  are  its  short  life,  owing  to  the  great  wear  on  its  numerous  moving 
parts  and  the  great  difficulty  of  lubricating  it  sufficiently.  Mr.  E.  S. 
Williamson,  of  Cannock  and  Rugeley  collieries,  has  used  a  chain  cutter 
for  some  time  in  the  bass  coal-seam,  but  he  is  now  installing  disc-wheel 
coal-cutters. 
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The  writer  has  dwelt  at  some  length  on  this  question  of  the  form  of 
implement  best  suited  to  effect  the  underholing,  because  it  is  obviously 
of  great  importance.  He  is  strongly  in  favour  of  the  disc-wheel,  rim  at 
a  speed  of  from  25  to  30  revolutions  per  minute,  i.e.,  at  a  speed  con- 
siderably in  excess  of  that  used  on  air-driven  machines  ;  this  is  easily 
effected  by  using  electricity,  and  by  the  increased  speed  the  side  thrust  on 
the  rails  is  greatly  reduced. 

The  motor  which  drives  the  coal-cutter  should  be  series- wound  and 
capable  of  going  up  to  16  horse-power  without  undue  heating.  This 
last  point  is  of  great  importance,  for  it  must  be  remembered  that  the 
limit  to  the  power  of  the  machine  is  reached  when  the  temperature  of  the 
windings  reaches  the  safe  working  limit.  It  is  nearly  always  advisable  to 
have  the  armature  of  the  motor  thoroughly  enclosed  in  an  air-tight  casing, 
and  this,  of  course,  whilst  ensuring  the  windings  against  mechanical 
injury  checks  the  natural  dissipation  of  heat  from  the  coils.  The  most 
suitable  shape  for  the  motor  is  either  the  Manchester  or  the  ironclad. 
The  writer  prefers  the  latter  shape  on  account  of  its  compactness,  its 
freedom  from  magnetic  leakage,  and  the  natural  protection  afforded  to 
the  field-magnet  windings.  The  question  of  the  voltage  best  suited  for 
this  work  is  one  on  which  there  may  be  considerable  diversity  of  opinion. 
A  low  voltage  would  of  course  greatly  increase  the  first  cost  and  lower 
the  efficiency  of  the  plant ;  a  pressure  of  700  volts  is  frequently  employed 
in  mines  for  pumping  and  haulage-work  with  good  results.  In  coal- 
cutting,  however,  where  the  cable  erection  at  the  coal-face  is  necessarily 
less  permanent  and  where  liability  to  leakage  is  greater,  it  will  be  found 
the  better  plan  to  use  a  pressure  sufficient  to  give  good  efficiency,  and  yet 
too  low  to  cause  any  injury  through  an  accidental  shock.  A  pressure  on 
the  surface  of  400  to  440,  giving,  say,  380  volts  at  the  motor,  meets 
these  conditions  in  a  satisfactory  manner. 

The  satisfactory  working  of  the  motor  itself  depends  largely  on  the 
proper  fixing  and  design  of  the  brush-gear.  In  thin  seams,  where  the 
space  is  confined,  the  brush-gear  receives,  as  a  rule,  very  little  attention. 
In  a  brush-gear  designed  lately  for  this  purpose,  and  now  giving  very 
satisfactory  results,  the  brushes  used  are  carbon,  and  the  commutator- 
segments  are  cast  copper. 

It  is  of  great  importance  in  electrically-driven  machinery  that  rigidity 
and  absence  of  vibration  should  be  secured  as  much  as  possible.  If  the 
rails  on  which  the  machine  travels  be  not  firmly  propped  and  secured,  the 
machine  will  not  keep  up  properly  to  its  work,  and  the  current  used  will 
vary  considerably  instead  of  remaining   steady.     This  irregularity  of 
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working  load  can  generally  be  remedied  by  careful  attention  to  the  form 
of  rails  and  sleepers  used.  Suitable  intermediate  and  joint  steel  sleepers 
have  been  designed  lor  this  purpose ;  they  are  light  in  proportion  to  their 
strength  ;  they  can  be  rapidly  taken  up  and  re-fixed ;  and  as  there  is  no 
necessity  to  detach  any  part,  there  is  no  possibility  of  any  part  being 
lost,  a  frequent  occurrence  when  fish-plates  and  bolts  are  used.  Rails 
weighing  20  lbs.  to  the  yard  have  always  proved  strong  enough  for  the 
purpose. 

The  efficiency  of  such  a  plant  as  that  described  above  would  be  about 

55  per  cent. ;  from  a  corresponding  compressed-air  plant  we  ought  to 

obtain  an  efficiency  of  27  per  cent.     We  can  accordingly  estimate  the 

power  of  the  air-compressing  plant  necessary  to  perform  an  equal  amount 

of  work.     The  approximate  first  cost  of  the  two  systems  would  be  as 

follows : — 

Table  I. — Cost  of  Electric  Plant. 

Two  Lancashire  boilers  and  seating          ...         ...         ...  £800 

Engine,  90  horse -power       ...         ...         ...         ...         ...  380 

Dynamo           ...         ...         ...         ...         ...         ...         ...  340 

Cables,  2  miles  of  19/15  S.W.G.,  and  1  mile  of  7/14 

S.W.G 440 

Three  electric  coal-cutting  machines        ...         ...         ...  960 

Switch-board,  switches,  etc.           ...         ...         ...         ...  50 

Erection  of  plant       ...         ...         ...         ...         ...         ...  50 


Total        £3,020 


Table  II. — Compressed- air  Plant. 

Three  Lancashire  boilers  and  seating       ...         ...  ...   £1,200 

Engines  and  air-compressors          ...         ...           . .  ...  700 

1  mile  of  pipes  5  inches  in  diameter,  and  |  mile  of  pipes 

3  inches  in  diameter     ...         ...         ...         ...  ...  500 

Nuts,  bolts,  washers,  joint-rings,  etc.     ...         ...  ...  30 

Fixing  pipes  ...         ...          ...          ...         ...         ...  ...  75 

Air-receivers,  above  and  below-ground  ...          ...  ...  100 

Four  air-driven  coal-cutting  machines    ...         ...  ...  640 


Total        £3,245 

A  comparison  of  Tables  I.  and  II.  shows  a  saving  of  £225  on  first  cost 
in  favour  of  electricity. 

The  following  figures  show  the  approximate  yearly  working  cost  of 
the  two  systems : — 
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Table  III.— Cost  of  Working  Electric  Plant. 

Charge,  15  per  cent,  on  capital  outlay £450 

Two  enginenien  at  30s.  per  week 150 

Four  stokers  at  25s.  per  week       240 

Stores  and  repair's     ...         ...         ...         ...         ...         ...  150 

Fuel,  2,000  tons  at  4s 400 

Extension  of  cables  and  fixing       ...         ...         ...         ...  180 

Underground  labour  charge,  120,000  yards  at  2d.        ...  1,000 


Total        £2,570 

On  a  yearly  output  of  180,000  tons,  the  cost  of  machine-cutting  will 
be  3-42d.  per  ton. 

Table  IV. — Cost  of  Working  Compressed-air  Plant. 


Charge,  15  per  cent,  on  capital  outlay 
Two  enginenien  at  30s.  per  week  ... 
.Six  stokers  at  25s.  per  week 
Stores  and  repairs     ... 

Fuel,  4,000  tons  at  4s 

Extension  of  pipes  and  fixing 
Underground  labour  charge,  120,000  yar 

Total 


ds  at  3d. 


£480 
150 
360 
200 
800 
300 

1,500 

£3,790 


On  a  yearly  output  of  180,000  tons,  the  cost  of  machine-cutting  will 
be  5-05d.  per  ton. 

It  will  be  seen  from  the  preceding  tables  that  the  high  efficiency  of 
the  electric-driven  machine,  coupled  with  the  fact  that  it  takes  at  least 
four  air-driven  machines  to  do  the  work  of  three  electric-driven  machines, 
enables  electricity  to  show  a  very  handsome  annual  saving  over  compressed 
air. 

The  writer  has  prepared  Table  V.,  giving  the  results  obtained  at  a 
number  of  collieries  during  the  last  two  or  three  years.  The  machine  is 
driven  in  each  case  by  two  men  whose  wages  aggregate  12s.  per  day. 
The  figures  relating  to  Nos.  G  to  8  collieries  have  yet  to  be  verified, 
and  are  estimated  on  those  attained  elsewhere  and  on  a  very  careful 
examination  of  the  seam  and  the  conditions  obtaining  at  the  coal-face. 

The  writer  hopes  to  be  able  at  a  near  date  to  lay  further  results  before 
the  members,  and  can  only  hope  that  the  above  remarks  and  results  may 
have  the  effect  of  directing  attention  to  this  important  branch  of  coal- 
mining, and  stimulating  discussion  as  to  the  readiest  means  of  obtaining 
the  best  results.  If  that  hope  be  realized,  the  writer  will  have  the  satis- 
faction of  feeling  that  his  humble  endeavours  have  not  been  altogether  in 
vain. 
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Table  V. 
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Feet. 

Yds. 

Feet. 

d.     I 

1.  Lidgett 

3£ 

Strong  bind,  with  lumps 

of  pyrites 

55 

4 

2 

3-30 

21 

2.  Nostell 

4* 

Hard  bind,  with  pyrites 

in  thin  layers  ... 

80 

2 

3 

1-40 

18 

3.  Astley  and  Tyldesley 

3£ 

Strong    spavin,    without 

pyrites  ... 

75 

2 

3± 

1-40 

17 

4.  Stanton — 

*  (a)  Stanhope  coal- 

seam 

4i 

Soft  spavin 

85 

1 

5 

0-84 

16 

*    (b)   Eureka    coal- 

1 

seam 

H 

Hard  spavin 

80 

2 

4 

1-00 

18  ' 

5.  Sutton — 

{a)  Top    hard   coal- 

seam    ... 

U 

Ordinary  spavin  ... 

70 

1 

5^ 

0-90 

17  ! 

(b)  Dunsil  coal-seam 

H 

Hard  spavin 

75 

2 

3 

1-30 

18 

6.  Aber— 

No.  3  coal-seam     ... 

H 

Hard  stone  bind  ... 

80 

2 

3 

1-60 

17 

7.  Cannock  and  Rugeley 

Bass  coal-seam 

■±k 

Bind           

80 

1 

H 

0-81 

17 

8.   Black  well  - 

Deep  hard  coal-seam 

H 

Spavin 

80 

1 

H 

110 

17 

*  In  the  case  of  those  collieries  marked   with  an  asterisk,  three  men  were 
employed  with  the  machine,  as  the  timber  setting  required  considerable  time  and 


Mr.  T.  B.  A.  Clarke  said  that  a  machine  was  running  at  the  Union 
Foundry,  and  invited  the  members  to  inspect  it  after  the  meeting. 

Mr.  Thirkell  moved  that  a  vote  of  thanks  be  given  to  Mr.  Clarke  for 
his  able  paper. 

Mr.  A.  A  Atkinson  seconded  the  resolution,  which  was   carried 
unanimously. 


Dr.  John  S.  Haldane  read  the  following  paper  on  "  The  Causes  of 
Death  in  Colliery  Explosions  "  ; — 
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THE   CAUSES   OF  DEATH   IN   COLLIERY   EXPLOSIONS. 


By  JOHN  S.  HALDANE,  M.A.,  M.D.,  Lecturer  in-  Physiology,  University 
of  Oxford,  and  Grocers'  Company  Research  Scholar. 


On  the  occurrence  of  the  explosion  at  Tylorstown  colliery,  in  January 
of  the  present  year,  the  writer  was  asked  to  investigate  the  actual  causes 
of  the  deaths  of  those  who  had  been  killed  in  the  explosion,  and  to  draw 
up  a  report  on  the  subject  for  the  Home  Office.  While  this  report*  was 
passing  through  the  press,  two  other  serious  explosions  occurred — at 
Brancepeth  and  Micklefield — and  the  writer  went  to  both  places  in  order 
to  collect  further  information,  and  to  give  any  possible'  assistance. 

The  report  is  now  published,  but  a  short  additional  paper  on  the 
subject,  with  some  demonstrations,  will,  perhaps,  be  of  interest  to 
members,  and  serve  as  a  starting-point  for  discussion  as  to  whether  the 
facts  collected  show  that  any  further  practical  steps  can  be  taken  with 
a  view  to  diminishing  the  loss  of  life  in  explosions. 

The  first  and  most  salient  point  which  came  out  in  the  investigation 
was  that  the  actual  cause  of  death  was,  in  almost  every  case,  poisoning 
by  carbon  monoxide.  Facts  pointing  to  the  presence  of  carbon  monoxide 
in  after-damp  have  already  been  brought  forward  by  several  observers — 
particularly  by  Messrs.  W.  N.  and  J.  B.  Atkinson,  in  their  book  on  Explo- 
sions in  Coal-mines ;  but  it  came  to  the  writer  as  an  entire  surprise  that 
the  presence  of  this  gas  after  an  explosion  was  nearly  always  the  actual 
cause  of  death.  It  seemed  probable  that  many  men  must  be  killed  by 
absence  of  oxygen  in  the  after-damp,  and  many  others  by  burns  or 
violence.  Analyses  of  the  blood  showed  that  this  was  not  the  case.  It 
would  seem  that  the  after-damp  left  along  the  track  of  an  explosion  is  so 
largely  diluted  with  fresh  air  that  more  than  enough  of  oxygen  is  left  to 
support  life.  Probably  this  is  owing  to  so  great  an  excess  of  dust  being 
present  during  the  explosion  that  in  many  parts  of  the  mixture  the 
temperature  of  ignition  cannot  be  reached,  or  the  flame  is  drowned  out. 

As  regards  the  violence  and  the  severity  of  the  burns,  the  writer 
thinks  that  these  are  apt  to  be  exaggerated.  In  every  great  explosion 
several  of  the  bodies  are  much  mutilated  when  discovered.     The  head  or 

*  The  Causes  of  Death  in  Colliery  Explosions  and  Underground  Fires. 
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limbs  may  be  smashed  or  torn  off,  or  there  may  be  fractures,  dislocations, 
or  severe  bruises.  Sometimes,  however,  these  injuries  have  undoubtedly 
been  inflicted  after  death  by  the  falls  of  stone  which  continue  for  many 
hours  after  an  explosion,  in  consequence  of  the  displacement  of  timbering. 
The  burns  are,  as  a  rule,  quite  superficial.  The  bodies  which  have  been 
burned  are  nearly  always  thickly  encrusted  with  fine  coal-dust,  which  has 
adhered  to  the  skin,  and  the  blackening  thus  produced  is  sometimes 
mistaken  for  charring.  On  rubbing  off  the  coal-dust,  however,  it  will  be 
found  that  the  deep  skin  is  nearly  always  intact,  although  the  epidermis 
is  completely  loosened  over  the  backs  of  the  hands.  This  is  not  due  to 
blistering,  but  seems  to  occur  almost  instantaneously,  and  to  be  caused  by 
the  momentary  application  of  intense  heat,  which  gives  rise  to  a  sudden 
development  of  gas  and  aqueous  vapour  under  the  epidermis.  Beneath 
the  loosened  epidermis  of  the  backs  of  the  hands  the  deep  skin  is 
normally  quite  white,  moist,  and  intact.  Men  who  have  been  got  out 
suffering  from  these  superficial  burns  of  the  face  and  hands  constantly 
recover,  if  they  do  not  die  of  the  after-effects  of  carbon  monoxide  poison- 
ing. Where,  however,  the  body  has  not  been  protected  by  clothing,  the 
chances  of  recovery  must  be  slight. 

The  practical  point  to  ascertain,  however,  is  not  so  much  the  actual 
cause  of  death  as  the  proportion  that  might  conceivably  be  saved,  if 
suitable  means  of  rescue  could  only  be  devised  to  save  them  from  the 
after-damp.  A  rough  estimate  on  this  point  will,  the  writer  thinks,  be 
of  service,  although  there  must  of  course  be  a  good  deal  of  uncertainty 
in  judging  of  the  danger  to  life  from  the  burns. 

Of  the  bodies  examined  at  Tylorstown,  only  31*6  per  cent,  were  not 
burnt.  Of  those  burnt  or  injured  nearly  half  would,  the  writer  believes, 
have  ultimately  died  apart  from  the  effects  of  after-damp.  Hence  about 
66  per  cent,  might  have  been  saved,  but  for  the  after-damp. 

At  Micklefield  67  per  cent.,  and  at  Brancepeth  60  per  cent,  were 
neither  burnt  nor  injured.  At  Micklefield  76  per  cent.,  and  at  Brance- 
peth 90  per  cent,  would  probably  have  escaped  with  their  lives,  but  for 
the  after-damp.  Thus,  taking  the  average  of  these  three  explosions,  we 
may  say  that  about  77  per  cent,  might  have  escajjed,  but  for  the  after- 
damp. 

This  is  hardly  the  place  for  entering  minutely  into  medical  details, 
but  a  short  account  and  demonstration  of  the  means  of  chemically 
recognizing  carbon  monoxide  both  in  the  air  and  in  the  bodies  of  those 
killed  may  interest  members  of  the  Institution. 
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Carbon  monoxide  (CO),  or  carbonic  oxide,  is  a  compound  of  one 
atom  of  carbon  with  one  atom  of  oxygen.  It  is  found,  along  with  carbon 
dioxide  (C02),  or  carbonic  acid  gas,  wherever  combustion  occurs  in  the 
presence  of  an  amount  of  oxygen  insufficient  to  consume  the  whole  of  the 
carbon  and  hydrogen  which  are  actually  undergoing  combustion.  Where 
sufficient  oxygen  is  present  only  carbon  dioxide  is  formed.  Now,  carbon 
monoxide  possesses  one  property  (discovered  by  Prof.  Claude  Bernard)  which 
renders  it  a  deadly  poison  to  all  warm-blooded  animals.  It  enters  into 
a  very  firm  combination  with  the  hemoglobin,  or  colouring-matter,  of 
the  red  blood-corpuscles.  Under  normal  circumstances  the  haemoglobin 
combines  loosely  with  oxygen  in  the  lungs,  and  carries  this  oxygen  to  the 
tissues.  The  compound  of  carbon  monoxide  and  hemoglobin  is,  how- 
ever, incapable  of  combining  with  oxygen.  Hence,  after  the  blood  has 
absorbed  a  sufficiency  of  carbon  monoxide,  it  becomes  incapable  of  carry- 
ing enough  oxygen  to  the  tissues  to  support  life,  and  death  from  want  of 
oxygen  ensues.  The  symptoms  of  carbon  monoxide-poisoning  are,  as 
the  author  has  recently  shown.*  absolutely  the  same  as  those  produced  in 
other  ways  by  deficiency  of  oxygen ;  and  if  one  can  by  indirect  means 
supply  the  tissues  with  a  sufficiency  of  oxygen,  carbon  monoxide  loses 
its  poisonous  properties. 

The  writer  showed  a  jar  containing  about  80  per  cent,  of  carbon  mon- 
oxide and  20  per  cent,  of  oxygen.  The  members  saw  that  the  cock- 
roaches placed  in  this  jar  continued  to  live  quite  comfortably.  They  have 
no  haemoglobin  in  their  blood,  and  consequently  they  are  indifferent  to 
this  mixture,  which  would  at  once  kill  a  higher  animal.  The  other  jar 
contained  about  80  per  cent,  of  carbonic  acid,  and  20  per  cent,  of  oxygen, 
and  rendered  a  cockroach  motionless  within  a  few  seconds,  so  that  these 
animals  are  in  realilty  exceedingly  sensitive  to  the  action  of  poisonous 
gases. 

The  compound  of  carbon  monoxide  with  hemoglobin  possesses  a  bright 
red  colour,  exactly  like  that  of  arterial  blood  saturated  with  oxygen  or  air. 
Three  vessels  were  shown  to  the  members  containing  respectively  blood 
saturated  with  oxygen  (bright  scarlet),  blood  deprived  of  oxygen  (dark 
purplish  blue),  and  blood  saturated  with  carbon  monoxide  (bright  scarlet). 
Death  from  carbon  monoxide  poisoning  may  be  recognized  from  the  fact 
that  the  colour  of  the  blood  after  death  is  more  or  less  red  instead  of  blue. 
The  bodies  thus  often  present  an  extraordinarily  lifelike  appearance.  The 
lips  and  tongue  are  pink,  and  the  skin  has  a  lifelike  reddish  colour. 
Sometimes,  however,  the  lips  and  skin  are  so  pale  that  it  is  difficult  to 

*  Journal  of  Physiology,  1895,  vol.  xviii.,  pages  200  and  430. 
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recognize  the  pink  colour.  When  the  blood  is  largely  diluted  with  water 
the  presence  of  carbon  monoxide  can  be  recognized  with  the  greatest  ease 
from  the  colour  of  the  solution.  When  sufficiently  diluted,  blood  contain- 
ing carbon  monoxide  has  a  pink  colour,  while  normal  blood  is  yellow. 
This  simple  colour  test  is  by  far  the  most  delicate  one. 

Three  narrow  test  tubes  were  shown  containing  blood  diluted  to 
0*01  with  water.  One  contained  normal  blood,  the  next  contained  blood 
fully  saturated  with  coal-gas  (which  contains  carbon  monoxide),  and  the 
third  contained  blood  from  the  body  of  a  miner  who  was  killed  by  carbon 
monoxide  poisoning.  The  members  could  see  at  a  glance  that  the  miner's 
blood  is  about  80  per  cent,  saturated  with  carbon  monoxide  ;  and  this 
latter  saturation  is  the  maximum  consistent  with  life. 

For  the  chemical  recognition  of  carbon  monoxide  in  air  blood-solution 
is  by  far  the  most  convenient  reagent.  All  that  is  necessary  is  to  shake 
up  a  sample  of  the  suspected  air  for  a  few  minutes  with  about  0*05  of  its 
volume  of  dilute  blood-solution,  and  then  to  compare  the  tint  with  that 
of  part  of  the  same  solution  which  has  not  been  so  shaken  up.  For 
details  as  to  the  quantitative  application  of  this  test,  the  writer  must 
refer  to  a  paper  which  he  recently  published.*  A  bottle  and  tubes  were 
shown  fitted  up  for  conveniently  carrying  out  the  test.  Bright  daylight 
affects  the  reaction,  so  that  the  shaking  should  be  carried  out  in  the  dark, 
or  the  bottle  covered  with  a  cloth.  Unfortunately  this  test  would  not  be 
satisfactory  in  a  mine,  as  one  cannot  see  the  tints  distinctly  by  artificial 
light,  and  it  would  therefore  be  necessary  to  bring  the  bottle  to  the  surface. 

For  rapidly  detecting  poisonous  proportions  of  carbon  monoxide  the 
best  indicator  is  a  small  warm-blooded  animal,  such  as  a  mouse.  The 
mouse  is  not  more  sensitive  to  carbon  monoxide  than  a  man,  but  it 
shows  the  symptoms  of  poisoning  in  about  the  twentieth  of  the  time. 
Hence  a  rescuer  carrying  a  mouse  with  him  will  receive  ample  warning 
of  the  presence  of  after-damp  or  of  carbon  monoxide  in  dangerous  pro- 
portions. It  should  be  understood  that  this  test  cannot  be  relied  on 
to  do  more  than  indicate  the  presence  of  actually  dangerous  proportions 
of  carbon  monoxide,  for  only  a  practised  observer  could  detect  the  out- 
ward signs  of  slight  symptoms  in  a  mouse,  whereas  correspondingly 
slight  symptoms  in  a  man  might  be  very  distinctly  felt  by  the  subject 
of  them.  If  the  mouse  merely  shows  signs  of  weakness  of  the  legs 
there  will  be  danger  to  a  man,  though  probably  not  for  twenty  minutes 
or  half-an-hour.  If  the  mouse  becomes  quite  helpless  and  unable  to 
stand  there  is  danger  within  a  few  minutes  to  a  man.     If  the  mouse 

*  Ibid.,  page  463. 
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becomes  unconscious  and  goes  into  convulsions  there  is  urgent  danger, 
and  not  a  moment  should  be  lost  before  retreating. 

An  apparatus  was  shown  for  demonstrating  on  man,  and  on  a  mouse 
the  facts  just  referred  to. 

The  first  symptom  of  carbon  monoxide  poisoning  is  an  unusual  ten- 
dency to  dizziness,  palpitation,  and  shortness  of  breath  on  exertion ;  along 
with  this  there  may  be  drowsiness.  As  more  and  more  of  the  poison 
is  absorbed  the  power  over  the  limbs  becomes  less  and  less,  so  that 
finally  any  exertion  causes  the  legs  to  give  way,  and  it  is  hardly  possible 
for  a  man  to  make  his  escape.  Finally,  consciousness  is  gradually  lost. 
There  is  no  pain,  and  little  or  no  mental  distress,  the  action  being  almost 
like  that  of  a  gentle  anaesthetic.  The  first  distinct  symptoms  occur 
when  the  blood  is  about  30  per  cent,  saturated.  At  about  50  per  cent, 
saturation  the  power  of  walking  is  lost ;  and  death  occurs  at  about  80 
per  cent,  saturation.  With  about  0-06  per  cent,  of  carbon  monoxide  in 
the  air  the  blood  of  a  man  becomes  about  30  per  cent,  saturated  after 
1|  hours,  so  that  the  symptoms  become  appreciable  when  any  exertion 
is  made ;  0*10  per  cent,  would  cause  helplessness  after  about  an  hour ; 
with  more  than  0*20  per  cent,  life  would  be  endangered. 

When  a  man  who  has  absorbed  much  carbon  monoxide  reaches  cooler 
and  fresher  air  again  he  very  often  gets  much  worse,  and  may  lose  con- 
sciousness. What  the  explanation  of  this  is  the  writer  does  not  know, 
but  there  is  no  doubt  about  the  fact.  Men  who  are  brought  out,  or 
who  are  just  able  to  walk  out,  of  air  containing  after-damp  should  be 
carefully  covered  up,  and  not  allowed  for  some  time  to  make  any  exertion. 
The  writer  is  inclined  to  think  that  neglect  of  this  precaution  may 
even  lead  to  loss  of  life. 

A  man  who  has  been  rendered  unconscious  from  carbon  monoxide 
poisoning  suffers  severely  from  the  after-effects.  If  the  exposure  has  been 
long  he  may  die  a  considerable  time  after  the  blood  has  quite  freed  itself 
from  the  poison.  With  a  shorter  exposure  he  may  remain  unconscious  for 
many  hours,  and  only  very  gradually  recover.  Slighter  poisoning  without 
loss  of  consciousness  is  followed  by  very  severe  headache,  and  nausea 
during  recovery. 

The  best  remedy  in  carbon  monoxide  poisoning  is  the  administration 
of  pure  oxygen.  This  rapidly  drives  out  the  carbon  monoxide  from  the 
blood,  although  it  is  of  no  avail  against  the  after-symptoms.  Artificial 
respiration  should  be  at  once  applied  if  the  breathing  ceases,  or  is  very 
shallow.     If  the  pulse  be  weak,  stimulants  should  be  given. 
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A  bottle  was  shown  filled  with  a  mixture  of  pure  oxygen  with  0*50 
per  cent,  of  carbon  monoxide.  This  proportion  in  air  is  rapidly  poisonous 
to  a  mouse,  but  in  presence  of  the  oxygen  the  animal  placed  in  the  bottle 
remained  unaffected. 

It  seems  now  to  be  thoroughly  well  established,  thanks  to  the  work  of 
Mr.  H.  Hall,  Mr.  W.  Galloway,  Messrs.  W.  N.  and  J.  B.  Atkinson,  and 
many  others,  that  in  all  great  colliery  explosions  the  flame  is  propagated 
through  the  workings  by  dust,  and  practically  speaking  by  dust  alone. 
The  flame  extends  from  the  point  of  origin — a  shot  or  a  small  gas 
explosion — along  the  dusty  (intake)  haulage-roads  in  every  direction, 
and  usually  passes  up  the  downcast  shaft.  The  return-airways  (unless 
they  are  used  for  haulage)  are  unaffected.  Some  of  the  main  intake- 
roads  may  be  spared,  and  the  flame  may  not  reach  the  working-face 
at  any  point,  but  often  it  does  so.  Air- crossings,  timberings,  and 
doors  along  the  haulage-roads  are  blown  out ;  and  in  consequence  of 
this  the  air-current  through  the  mine  is  arrested.  Often,  too,  the 
timbering  connected  with  the  fan-drift  is  blown  out,  and  cannot  be 
repaired  for  an  hour  or  more.  Thus,  roughly  speaking,  the  main 
intake-roads  are  left  charged  with  stagnant  after-damp,  besides  being 
more  or  less  obstructed  by  falls,  and  dangerous  on  account  of  the 
state  of  the  roof.  The  return-airways,  except  when  they  are  close  to  the 
(intake)  haulage-roads,  or  are  themselves  used  for  haulage,  will  be  at  first 
free  from  after-damp,  besides  being  free  of  falls,  and  for  a  man  who 
knows  the  way  they  will  in  some  cases  present  a  clear  way  of  escape  to 
one  or  both  shafts.  In  many  parts  of  the  mine  the  air  at  the  face,  where 
the  flame  has  not  penetrated,  will  also  be  perfectly  free  of  after-damp, 
and  may  remain  so  for  hours,  or  even  days.  Nevertheless  one  finds  again 
and  again  that  men  who  would  have  been  in  perfect  safety  had  they 
remained  where  they  were,  have  from  want  of  knowledge,  tried  to  force 
their  way  along  the  intake-airways  to  the  shaft,  and  consequently  perished 
in  the  after-damp.  The  bodies  are  generally  found  in  groups  along  the 
intake-airways,  at  points  a  little  beyond  where  the  men  have  met  the 
after-damp.  Horses  and  ponies  which  they  have  left  behind  are  some- 
times found  quite  uninjured. 

What,  now,  is  the  composition  of  the  mixture  of  gases  filling  the 
roads  traversed  by  an  explosion  ?  In  the  first  place,  there  is  plenty  of 
oxygen  left  along  these  roads.  Out  of  about  120  bodies  examined  after 
the  three  explosions  referred  to,  not  one  presented  the  appearances  of 
death  from  want  of  oxygen.      Timbering,  etc.,  which  has  been  on  fire 
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after  the  explosion,  is  also  very  commonly  met  with,  and,  of  course,  this 
burning  could  not  occur  except  in  presence  of  a  very  large  proportion  of 
fresh  air.  At  Micklefield,  a  quantity  of  paraffin  close  to  the  downcast 
shaft  caught  fire,  and,  according  to  the  evidence  of  a  survivor,  was 
burning  fiercely  as  he  made  his  way  out  of  a  room  in  which  he  had  been 
sitting,  as  the  blast  passed  towards  the  shaft,  and  knocked  him  over. 
Now,  a  paraffin  flame  is  ordinarily  extinguished  when  the  oxygen  per- 
centage falls  below  about  17  per  cent.,  though  it  would  probably  burn 
with  a  somewhat  lower  percentage  in  the  heated  air.  It  would  thus  seem 
that  the  after-damp  is  from  the  beginning  very  largely  diluted  with  air. 
xlt  Micklefield  and  Tylorstown,  none  of  the  explorers  met  with  after-damp 
which  would  extinguish  a  lamp,  and  a  lamp  goes  out  when  the  oxygen 
percentage  falls  from  20*9  to  17'5  per  cent.  The  writer  is  inclined  to 
think  that  perhaps  two-thirds  of  the  mixture  left  along  the  roads  is,  on  an 
average,  pure  air,  the  remainder  being  after-damp. 

About  a  year  ago  the  writer  assisted  at  some  experiments  which  were 
very  kindly  made  for  him,  at  the  suggestion  of  Mr.  Wardell,  H.M. 
Inspector  of  Mines,  by  Mr.  C.  E.  Rhodes,  of  Aldwarke  Main  colliery. 
The  shell  of  a  large  boiler  was  used  as  an  explosion-chamber,  and  dust 
kindly  sent  from  the  Albion  colliery  was  employed  in  the  experiments. 
There  was  no  difficulty  in  producing  violent  explosions  inside  the  boiler, 
but  pure  after-damp  could  not  be  obtaiued  for  analysis,  or  indeed  any  gas 
which  would  extinguish  a  lamp,  or  produce  physiological  symptoms. 
This  failure  caused  some  surprize  at  the  time,  but  the  writer  thinks 
that  the  explanation  was  that,  just  as  was  subsequently  inferred  to  be 
the  case  in  actual  pit  explosions,  only  a  portion  of  the  air  within  the 
boiler  was  actually  consumed,  and  the  aspirating  tubes  never  happened  to 
reach  this  portion. 

Assuming,  then,  that  the  pure  after-damp  along  the  track  of  an  explo- 
sion constitutes  only  about  half  or  a  third  of  the  mixture  of  gases  present, 
and  that  there  is  plenty  of  oxygen  left  to  support  life,  what  is  the  propor- 
tion of  carbon  monoxide  present  ?  From  the  analyses  of  blood  from  the 
bodies  found  along  the  course  of  the  explosion  at  Tylorstown,  the  writer 
thinks  it  may  be  pretty  safely  concluded  that  there  was  less  than  3  per 
cent.,  and  more  than  0*50  per  cent.  The  reasons  for  this  conclusion  will 
be  found  in  the  writer's  Report.  About  1  or  1^  per  cent,  would  probably 
be  a  fair  estimate.  If  this  were  so,  the  pure  undiluted  after-damp  would 
contain  3  or  4  per  cent,  of  carbon  monoxide. 

Probably  the  actual  percentage  varies  somewhat  with  different  kinds 
of  coal-dust,  and  in  different  parts  of  the  pit.     Thus  it  seemed  to  the 
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writer  that  at  Micklefield,  the  appearances  of  the  bodies  and  the  symptoms 
experienced  by  the  rescuers  pointed  to  a  somewhat  higher  average  per- 
centage of  carbon  monoxide  in  the  air  than  at  Tylorstown.  When  there 
is  more  than  about  2  per  cent,  of  carbon  monoxide,  death  occurs  before 
the  blood  of  the  veins  has  time  to  become  80  per  cent,  saturated  with  the 
gas.  In  such  cases,  the  face  and  neck  have  a  reddish-blue  appearance, 
instead  of  being  pink.  At  Tylorstown,  these  signs  were  only  noticed  in 
two  of  the  bodies  (not  burnt),  which  we  afterwards  found  had  been 
discovered  lying  close  to  one  another  in  a  stable.  At  Micklefield,  on 
the  other  hand,  seven  out  of  forty-six  of  the  bodies  had  this  appearance. 
None  of  these  bodies  were  burnt,  and  it  thus  seemed  as  if  the  higher 
proportions  of  carbon  monoxide  had  been  produced  at  places  where  the 
combustion  was  relatively  gentle,  and  beyond,  or  sheltered  from,  the  main 
rush  of  burning  dust  and  air. 

The  writer  must  now  pass  from  the  more  purely  medical  aspects  of 
the  causes  of  death  in  explosions,  and  make  some  suggestions  as  to  what 
measures  seem  possible  for  avoiding  or  getting  rid  of  afterdamp.  He 
knows  that  in  dealing  with  this  very  difficult  subject  he  is  handicapped 
by  his  want  of  knowledge  of  mining  engineering,  but  he  thinks  that 
those  who  possess  the  requisite  engineering  knowledge  are  often  nearly  as 
much  handicapped  by  want  of  knowledge  of  the  medical  side  of  the 
subject,  and  that  a  fellow-feeling  will  thus  induce  them  to  deal  leniently 
with  any  mistakes  wiiich  he  may  fall  into. 

The  first  remarks  which  he  has  to  make  concern  the  steps  which  should 
be  taken  by  the  men  imprisoned  in  the  mine,  at  the  face  or  beyond  the 
actual  track  of  the  explosion.  Very  often  their  lamps  are  extinguished 
by  the  rush  of  air  and  coal-dust  driven  towards  them  along  the  roads, 
and,  in  any  case,  their  natural  impulse  seems  to  be  to  make  at  once  for 
the  shaft  along  the  ordinary  intake  haulage-roads.  The  plans  contained 
in  the  Reports  of  H.M.  Inspectors  of  Mines  tell  a  terrible  story  of  the 
consequences  of  this.  The  men  soon  meet  the  after-damp  on  the  roads, 
and  drop.  Their  bodies  are  found  scattered  or  in  groups  along  the  roads. 
Where  a  fall  has  already  come  down,  a  number  of  bodies  are  often  found 
just  beyond.  Those  who  know  what  a  haulage-road  traversed  by  an 
explosion  is  like,  will  realize  how  slight  the  chances  are  for  men— either 
with  or  without  lights — of  ever  reaching  the  shaft.  The  best  plan  for 
those  imprisoned  would  seem  to  be  to  remain  in  the  first  place  where 
they  are,  and,  if  possible,  to  erect  curtains  or  stoppings  of  some  kind 
between  themselves  and  the  main  roads,  in  order  to  keep  back  the  after- 
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damp.  The  curtains  should  be  erected  at  a  point  beyond  a  door  opened 
towards  a  return-airway,  so  that  the  after-damp,  carried  inwards  as  the 
rescuers  restore  the  ventilation,  may  have  a  free  passage  into  the  return-air- 
ways, and  not  be  driven  in  upon  the  men.  Any  attempt  to  get  out  should 
be  made  with  the  utmost  caution,  and  whenever  after-damp  is  encountered 
the  only  safe  plan  is  to  retire.  In  attempts  to  get  out  one  man  only 
should  go  on  slowly  in  front,  two  or  three  men  some  distance  behind, 
being  ready  to  rush  in  and  drag  him  back  should  he  fall.  The  reason 
for  this  precaution  is  that  carbon  monoxide  only  accumulates  slowly  in 
the  blood,  and  a  man  who  is  fresh  can  generally  go  with  perfect  safety 
for  a  short  time  for  rescue  purposes  into  an  atmosphere  which  would 
after  a  while  produce  deadly  effects.  It  will  often  be  much  easier  to 
reach  the  shaft  by  return-airways  than  by  the  haulage-roads,  and  one 
way  may  be  tried  if  the  other  proves  impracticable  ;  but  whichever  way 
is  taken,  the  utmost  caution  is  necessary,  on  account  of  the  very  insidious 
action  of  the  after-damp.  When  all  ways  of  escape  are  for  the  time 
blocked,  every  effort  should  be  made  to  keep  back  the  after-damp  by 
curtains  or  stoppings  until  the  rescuers  make  their  way  in.  Imprison- 
ment for  several  days  without  food  or  drink  is  not  dangerous,  although 
far  from  pleasant.  In  many  mines  fire-damp  will  accumulate  near  the 
higher  parts,  and  make  a  prolonged  stay  at  the  face  impossible ;  but  the 
fire-damp  will  drive  back  the  after-damp  ;  and  it  must  also  be  remembered 
that  it  requires  about  60  or  70  per  cent,  of  fire-damp  to  endanger  life, 
although  5 \  per  cent,  will  put  out  a  lamp. 

In  many  cases  where  the  flame  reaches,  or  nearly  reaches,  the  face, 
the  only  possible  chance  of  escape  would  seem  to  be  by  the  return-airways, 
if  these  can  be  reached  in  time.  It  is  provided  by  law  that  there  shall 
always  be  two  ways  of  escape  from  a  mine.  This  provision  would  seem, 
however,  to  be  in  some  emergencies  useless,  through  the  men  not  knowing 
the  way  by  the  return-airways,  and  having  no  fireman,  or  other  officer 
of  the  pit  to  guide  them  at  the  time.  If  the  author  be  right  as  to  this, 
the  matter  certainly  seems  to  deserve  attention.  In  the  case  particularly 
of  an  underground  fire  in  an  intake-airway  a  man's  only  chance  may 
be  to  hurry  out  along  a  return  airway. 

The  first  thing  which  is  thought  of  by  those  on  the  surface  is,  of 
course,  the  getting  of  air  into  the  pit.  The  writer  believes  that  if  the 
fan  has  been  damaged  or  thrown  out  of  action  by  injuries  at  the  top  of  the 
upcast  shaft,  fresh  air  will  at  first  pass  down  the  upcast  shaft  freely,  in  eon- 
sequence  of  the  suction  produced  by  the  heating  of  the  sides  and  contained 
air  in  the  downcast  shaft,  up  which  the  flame  has  probably  passed.     This, 
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at  least,  was  the  case  at  Micklefield,  where  the  first  of  the  rescuers  descended 
by  the  upcast  shaft,  brought  out  a  number  of  men  alive,  and  even  penetrated 
a  considerable  distance  inwards,  although  the  fan  could  not  be  got  ready 
for  about  twelve  hours.  The  work  of  temporarily  restoring  the  stoppings, 
doors,  etc.,  and  so  carrying  the  air  inwards,  would  be  much  facilitated  by 
using  mice  as  indicators  of  the  presence  of  after-damp.  Without  some 
such  indicator  not  only  are  the  dangers  to  the  rescuers  very  great,  but 
much  time  must  be  consumed  in  helping  disabled  comrades,  or  from  un- 
certainty as  to  where  the  after-damp  is. 

The  writer  also  feels  confident  that  in  many  explosions  the  provision 
of  some  simple  apparatus  for  penetrating  irrespirable  atmospheres  would 
also  be  of  much  service.  The  apparatus  need  only  be  used  where  it  is 
desirable  for  a  rescuer  to  go  temporarily  into  a  dangerous  atmosphere. 
The  main  thing  would  always  be  to  carry  the  fresh  air  inwards  with  the 
rescuers.  Men  employing  any  apparatus  would  have  to  be  instructed 
beforehand  in  its  use.  An  atmosphere  containing  carbon  monoxide  is  not 
the  place  for  trying  hasty  experiments.  For  the  revival  of  disabled  men, 
whether  or  not  they  have  been  burnt  and  injured  as  well  as  poisoned,  the 
writer  thinks  that  oxygen  cylinders  would  be  of  great  service.  Although 
in  severe  cases  it  will  not  restore  consciousness,  the  oxygen  will  in  a  few 
minutes  drive  out  most  of  the  carbon  monoxide  from  the  blood,  and  thus 
give  a  man  the  best  chance  of  coming  round. 

It  seems  to  the  writer  that  considering  the  risks  of  an  explosion  in 
any  fairly  dry  pit,  however  free  from  fire-damp,  arrangements  should  be 
made  beforehand  for  minimizing,  as  far  as  possible,  the  loss  of  life 
should  an  explosion  occur.  In  the  first  place,  he  feels  certain  that 
means  might  be  devised  for  shortening  the  time  which  usually  elapses 
before  fresh  air  is  again  circulating  through,  at  least,  the  main  roads 
after  an  explosion.  From  an  examination  of  the  bodies  found  along 
main  roads  he  feels  confident  that,  although  consciousness  must  very 
soon  be  lost,  an  interval  of  half-an-hour  to  an  hour  or  more  commonly 
elapses  before  death  occurs  from  carbon  monoxide  poisoning,  and  that 
any  plan  for  getting  in  fresh  air  within  this  time  may  be  the  means 
of  saving  many  lives.  As  things  are  at  present,  there  is  nearly  always 
a  fatal  delay.  Very  often  the  timbering  connecting  the  fan  with  the 
fan-drift  is  blown  out,  or  the  covering  of  the  upcast  shaft  is  blown  off, 
and  this  causes  much  delay  and  great  danger  to  rescuers.  This  might, 
perhaps,  be  avoided  by  the  provision  of  light  movable  flaps,  which  by 
opening  outwards  would  relieve  the  pressure  caused  by  the  rush  of  air 
up  the  upcast  shaft. 
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Further  delay  arises  from  the  blowing  out  of  doors,  stoppings,  and 
air-crossings  connecting  the  main  intake-airways  with  the  main  return- 
airways.  These  main  air-crossings,  etc.,  might  surely  be  so  solidly 
constructed  as  not  to  give  way.  The  pressure  during  an  explosion  is 
probably  not  nearly  so  formidable  as  is  sometimes  assumed.  So  far  as 
the  writer  is  aware  there  is  nothing  in  a  colliery  explosion  remotely 
resembling  the  detonation  of,  say,  a  mixture  of  hydrogen  or  fire-damp 
with  pure  oxygen,  and  the  greater  part  of  the  energy  liberated  by  the 
combustion  must  be  rapidly  taken  up  by  the  large  excess  of  coal-dust 
swept  up  by  the  blast. 

If  the  means  suggested  were  successful,  the  writer  believes  that  men 
lying  along  the  main  roads  would  (with  the  exception  of  the  very  few 
who  are  killed  at  once  by  violence)  have  a  chance  of  recovery,  and  that 
those  further  in  would  have  a  much  better  chance  of  escape.  It  does  not 
seem  desirable,  even  if  it  were  practicable,  that  anything  but  the  doors, 
etc.,  on  the  main  roads  should  be  so  made  as  to  resist  the  pressure ; 
otherwise,  the  after-damp  would  be  carried  inwards  towards  the  face, 
instead  of  straight  into  the  return-airways  by  the  first  blown-out  door 
or  air-crossing.  A  simple  calculation  will  show  that  the  fan  is  capable 
of  clearing  the  shafts,  and  a  mile  or  more  of  the  main  roads,  within  a  very 
few  minutes.  If  the  fresh  air  be  got  in  at  once  it  will  probably  encounter 
very  little  obstruction  from  falls,  which  seem  mostly  to  come  down 
gradually. 

For  men  far  in,  all  the  means  suggested  would,  the  writer  fears, 
avail  little  in  cases  where  the  flame  reaches  up  to,  or  close  to,  the  face. 
Escape  will  often  be  cut  off  in  every  direction,  and  the  after-damp  will 
very  rapidly  close  in.  This  is  what  happened,  for  instance,  with  the 
great  majority  of  those  who  were  killed  in  the  Llanerch  explosion.  They 
had  only  gone  a  short  way  before  they  were  overcome  ;  and  even  had 
they  stayed  in  their  places  they  would  probably  also  have  perished.  To 
meet  such  cases  it  seems  to  the  writer  that  probably  the  least  ex- 
pensive and  most  practicable  method  would  be  to  provide  within  easy 
reach  some  form  of  oxygen  apparatus  for  enabling  the  men  to  make 
their  way  out  to  the  fresh  air  near  the  shaft,  and  to  have  them  previously 
instructed  in  the  use  of  this  apparatus.  The  writer  does  not  think  that 
there  can  be  any  doubt  as  to  the  practicability  of  this  plan,  but  the 
trouble  and  expense  would  be  considerable,  in  view  of  the  fact  that  in 
most  pits  a  serious  explosion  never  occurs  at  all.  Now  that  we  know  that 
there  is  plenty  of  oxygen  left  along  the  track  of  an  explosion,  the  writer 
believes  that  the  whole  problem  would  be  solved  if  only  a  cheap  and 
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efficient  absorbent  could  be  found  for  carbon  monoxide.  Air  can  be  freed 
by  means  of  respirators  from  almost  any  other  poisonous  gas,  and  it  is 
singularly  unfortunate  that  the  blood  passing  through  the  lungs  should 
be  just  the  one  thing  which  absorbs  carbon  monoxide  rapidly. 

The  prevention  of  colliery  explosions  does  not,  of  course,  come  within 
the  scope  of  this  paper,  but  the  writer  can  hardly  refrain  from  adding  his 
voice  to  that  of  others  who  have  already  urged  the  pressing  need  of 
careful  experiments  with  a  view  to  determining  the  available  means  of 
preventing  the  propagation  of  explosions  by  coal-dust.  Each  new  explo- 
sion is,  of  course,  a  new  experiment ;  but  it  is  a  terribly  costly  one,  and 
often  the  facts  connected  with  it  either  cannot  be  ascertained,  or,  if  ascer- 
tained, afford  no  new  information. 


Mr.  W.  N.  Atkinson  (H.M.  Inspector  of  Mines,  Staffordshire)  con- 
gratulated Dr.  Haldane  on  the  great  amount  of  pains  and  trouble  that  he 
had  taken  in  investigating  the  subject  of  the  cause  of  death  in  colliery 
explosions.  All  persons  interested  in  the  safety  of  mining  and  the  rescue 
of  life  would  feel  a  great  debt  to  Dr.  Haldane  for  his  investigations. 
Perhaps  the  immediate  practical  results  might  not  be  very  great,  but 
none  could  tell  the  results  which  might  follow  from  the  discovery  of  the 
causes  and  methods  of  action  both  with  regard  to  the  explosions  them- 
selves and  the  effect  on  human  life.  One  very  useful  piece  of  information 
was  with  reference  to  the  use  of  pure  oxygen  for  the  purpose  of  recovering 
men  from  the  effects  of  after-damp.  He  had  attended  at  many  explo- 
sions, but  at  none  of  them  was  any  use  made  of  compressed  oxygen.  It 
would  not  be  easy  to  obtain  in  every  case,  but  there  were  many  places 
where  it  was  stored  in  iron  bottles,  and  it  might  be  made  use  of  without 
difficulty.  Another  point  deserving  of  consideration  in  respect  of  ex- 
plosions was  that  there  were  several  kinds  of  apparatus  which  might  be 
useful  in  explosions  and  fires,  such  as  masks  or  appliances  for  going  into 
after-damp  and  gases,  and  electric  lamps  for  use  in  such  cases  ;  it  would 
not  be  reasonably  possible  for  each  colliery  to  keep  a  supply  of  such 
articles,  but  it  would  be  useful  if  in  some  central  place  in  a  mining 
district  they  could  be  kept  in  the  care  of  people  competent  to  use  them, 
so  that  whenever  an  accident  took  place  there  might  be  not  only  apparatus 
ready,  but  men  competent  to  use  it. 
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Mr.  John  Gerrard  (H.M.  Inspector  of  Mines,  Manchester)  seconded 
all  that  Mr.  Atkinson  had  said  with  regard  to  their  indebtedness  to  Dr. 
Haldane  for  the  very  great  pains  and  time  which  he  must  have  given  to 
this  subject.  He  was  enlisted  in  a  noble  cause,  that  of  leading  mining 
engineers  in  such  an  important  question  affecting,  as  it  must  affect, 
life.  The  members  knew  the  anxiety  experienced  by  those  who  had 
charge  and  responsibility,  if  there  were  anyone  in  the  mine  who  might 
be  brought  out  alive. 

He  (Mr.  Gerrard)  did  not  reject  the  idea  of  one  of  the  explorers 
carrying  a  live  mouse  with  him.  Usually  several  men  went  in  company, 
walking  in  single  file.  All  would  have  lamps,  but  as  Dr.  Haldane  had 
shown,  and  as  had  been  proved  in  the  past,  the  lamp  continued  to  burn 
and  did  not  show  the  poisonous  nature  of  the  gases  traversed  by  the 
explorers.  Dr.  Haldane  had  shown  how  important  it  was  to  pay 
attention  to  the  first  symptoms  affecting  the  head,  of  giddiness,  or 
weakness  of  the  legs,  and  to  at  once  retreat,  as  the  same  atmosphere 
which  had  brought  about  the  symptoms  had  again  to  be  travelled 
through.  The  desire  to  save  life  in  the  past  had  been  so  intense  that 
men  had  advanced  until  they  could  go  no  further,  and  then  they  had 
had  to  return  through  the  same  atmosphere.  All  men  did  not  feel 
alike.  On  more  than  one  occasion  he  had  felt  all  right  when  another 
man  had  been  in  a  helpless  state,  and  had  to  be  carried  out.  Could 
Dr.  Haldane  hold  out  any  hope  of  a  medium  being  discovered  which 
would  absorb  the  carbon  monoxide,  and  could  be  used  in  the  form  of  a 
respirator. 

The  President  moved  a  vote  of  thanks  to  Dr.  Haldane  for  his 
paper  and  the  experiments.  Many  of  the  members  had  had  underground 
experience  after  explosions.  He  hoped  that  Dr.  Haldane's  suggestion 
would  be  carried  out,  and  that  a  respirator  might  be  devised  which 
would  perhaps  prevent  or  at  least  diminish  the  worst  of  the  symptoms. 

The  vote  was  carried  by  acclamation. 


The  annual  dinner  was  held  in  the  evening  at  the  Queen's  Hotel. 
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THE  FEDERATED  INSTITUTION  OF   MINING  ENGINEERS. 


STUDENTS'  MEETING, 
Held  in  the  Queen's  Hotel,  Leeds,  August  5th,  1896. 

Mr.  T.  H.  COCKIN  in  the  Chair. 


BRYNCOCH  COLLIERY  ACCIDENT. 
The  Chairman  proposed  that  the  meeting  should  pass  a  vote  of 
sympathy  and  condolence  with  the  relatives  of  the  workmen  who  had 
been  killed  and  injured,  with  the  agents,  and  with  the  owners  of  the 
Bryncoch  pit,  where  an  accident  had  occurred  on  the  preceding  day. 

Mr.  M.  Walton  Brown  seconded  the  resolution,  which  was  agreed  to. 


Mr.  Roslyn  Holiday  read  the  following  paper  on  "  The  Applica- 
tions of  Electricity  in  Mining  Operations  :" — 
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THE  APPLICATIONS  OF  ELECTRICITY  TO  MINING: 
OPERATIONS. 


By  ROSLYN  HOLIDAY. 

In  dealing  with  the  applications  of  electricity  to  mining  operations, 
the  question  is  not  what  is  it  possible  to  apply  electricity  to,  but  to 
what  uses  can  electricity  be  economically  applied  ?  There  are  hardly 
any  uses  to  which  power  is  transmitted  by  hydraulic,  pneumatic,  or 
mechanical  agency  to  which  electricity  cannot  also  be  applied.  The  vital 
point,  however,  which  concerns  the  colliery  proprietor  is,  whether  elec- 
tricity can  be  applied  to  the  various  purposes  to  which  it  is  suitable, 
about  a  mine,  without  endangering  the  lives  of  men ;  and  yet  so  that,  at 
the  end  of  the  financial  year,  a  lower  working  cost  may  be  shown  than  if 
other  modes  of  power-transmission  had  been  used. 

It  will  be  the  aim  of  the  writer,  if  possible,  to  show  where  electricity 
may  be  used  with  advantage,  in  and  about  a  mine. 

In  the  first  place,  it  would  be  well  to  enumerate  the  various  purposes 
to  which  electricity  can  be  and  is  applied,  both  on  the  surface  and  under- 
ground. On  the  surface  it  can  be  used  for  lighting,  telephones,  lighting 
miners'  lamps,  welding,  driving  pumps,  hoists  or  elevators,  sawing,  lamp- 
cleaning,  corn-crushing  and  hay-chopping,  screening  and  washing 
machinery,  also  for  driving  machinery  in  mechanics'  and  blacksmiths' 
shops,  and  in  some  cases  for  traction. 

Underground,  electricity  can  be  used  for  lighting,  signalling,  and  for 
driving  pumps,  various  systems  of  haulage,  ventilators,  also  for  driving 
coal-cutting  and  coal  or  rock-drilling  machinery.  In  some  instances 
locomotives  electrically-driven  are  used. 

Whether  it  is  economical  to  use  electricity  for  the  above-named 
purposes  depends  to  a  very  large  extent  on  local  circumstances.  In  by 
far  the  larger  number  of  mines  where  electricity  is  used  it  is  applied 
mainly  to  lighting,  not  many  using  it  for  power  alone. 

In  the  case  of  a  large  colliery  where  several  seams  are  worked  and  also  an 
adjacent  brickworks,  there  may  be  (including  arc-lamps)  an  equivalent  of 
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600  to  800  16-candle-power  lamps  installed.  Now  these  are  very 
seldom  all  on  at  once,  in  fact  from  6  to  8  a.m.  and  4  to  5*30  p.m.  during 
the  winter  months  are  about  the  only  times  when  this  occurs.  Con- 
sequently, generating-plant  is  put  down  capable  of  dealing  with  the 
maximum  load,  but  it  is  only  running  really  efficiently  during  a  few  hours 
a  day,  for  a  few  weeks  in  the  year. 

At  such  a  colliery  also  there  will  be  a  number  of  small  engines  of 
various  sizes  in  scattered  positions.  Each  of  these  engines  must  have 
a  certain  margin  of  power  to  deal  with  any  unusual  load,  whereas  an 
engine  works  most  efficiently  when  the  brake  horse-power  most  nearly 
equals  the  indicated  horse-power. 

If  all  the  power  could  be  supplied  from  one  engine,  then  the  margin 
allowed  for  unusual  load  would  not  be  nearly  as  much  as  the  total  allowed 
on  several  small  engines.  Supposing  electric  motors  to  be  used  instead 
of  the  various  scattered  engines,  then  the  same  engines  which  are  used  for 
lighting  co aid  also  be  used  for  driving  motors,  and  in  this  way  they  would 
get  a  day  load. 

This  has  been  done  at  a  large  colliery  in  Yorkshire,  and  has  been 
an  unqualified  success.  Fig.  1  (Plate  I.)  shows  load-curves  at  this  colliery 
on  January  29th  and  June  5th,  1896.  The  lower  curves  show  the  loads 
for  lighting  only,  60  units  being  the  possible  output.  It  will  be  seen  that 
during  the  winter  day,  for  seven  hours,  the  load-factor,  viz.,  the  propor- 
tion of  the  actual  to  the  possible  output  was  about  0*130,  while  on  June 
,5th  for  fifteen  hours  the  load-factor  was  about  0*160.  It  is  evident  that 
if  during  the  fifteen  hours,  more  work  could  be  found  for  the  engines,  it 
could  be  done  without  increasing  the  running  cost,  except,  of  course,  for 
the  extra  steam  used  in  proportion  to  the  work  done.  On  referring  to 
the  upper  load-curves  of  Fig.  1,  where  both  lighting  and  power  are 
included,  on  June  5th  for  twelve  out  of  the  fifteen  hours  referred  to,  the 
load-factor  was  0'593  instead  of  0*160.  By  arranging  in  the  winter,  when 
the  maximum  lighting-load  comes  on,  that  certain  machines,  such  as 
pumps,  shall  be  stopped,  the  load-factor  can  be  improved,  and  therefore 
such  large  engines  would  not  be  needed  as  would  otherwise  be  the  case 
if  all  the  lights  as  well  as  the  motors  were  run  at  the  same  time. 

Another  advantage  of  centralizing  the  power  is,  thut  in  a  central 
station  triple-expansion  engines  could  be  installed  large  enough  to  deal 
with  the  total  load  without  the  cost  being  very  much  greater  than  that  of 
a  number  of  scattered  small  engines,  which  are  very  wasteful  of  steam, 
while  the  horse-power  per  pound  of  coal  burnt  would  be  considerably 
greater.     In  comparison  with  other  systems  of  power-transmission,  the 
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efficiency,  including  attendance  and  repairs  of  an  electric  plant,  is  the 
most  important  consideration  ;  for  in  first  cost  it  is,  as  a  rule,  the  highest, 
and  unless  the  cost  of  running  it  be  less,  or  there  is  some  other  corre- 
sponding advantage,  it  is  not  worth  while  adopting  it. 

Some  of  the  many  advantages  of  the  use  of  electricity  are  its  adapta- 
bility to  a  variety  of  purposes,  and  its  portability.  The  same  power  which 
is  used  for  lighting  at  night  can  be  used  for  driving  motors  in  the  day,  or  it 
can  be  used  for  welding,  if  necessary.  The  advantages  of  electric- welding 
for  repair  jobs,  where  there  is  already  an  electric  plant,  does  not  as  yet 
seem  to  have  been  recognized  by  colliery  managers.  Many  of  the  repairs, 
on  which  the  greater  part  of  the  time  is  spent  in  getting  the  broken  part 
from  its  place  to  the  shop  and  back  again,  could  be  done  in  situ  by  con- 
necting the  small  apparatus  necessary  to  the  nearest  lighting  main.  This 
method  of  repairing  is  adopted  by  many  engineering  firms,  though  it  is 
not  much  used  at  mines,  where  it  would  seem  to  be  so  eminently  suitable. 
In  the  case  of  an  existing  mine,  it  would  be  essential  that  a  very 
considerable  reduction  in  working-cost  could  be  shown  in  favour  of  elec- 
tricity to  make  it  worth  while  to  discard  the  existing  plant.  The  cost  of 
such  a  change  is  often  reduced  by  using  the  existing  engines  for  driving 
the  generator. 

When  an  entirely  new  place  is  about  to  be  started,  the  conditions  are 
still  more  favourable  to  the  application  of  electricity.  It  is  often  argued 
that  electricity  is  only  cheaper  than  steam  or  compressed  air  when  the 
power  has  to  be  carried  a  long  distance,  and  that  for  short  distances  it  is 
much  more  costly. 

If  an  engine,  dynamo,  and  cables  were  put  down  to  run  one  motor,  say 
600  feet  distant,  then,  certainly,  it  would  be  far  cheaper  to  carry  a  line  of 
pipes,  and  put  down  an  engine  where  the  power  was  wanted.  If,  on  the 
other  hand,  in  the  same  engine-room  an  engine  and  dynamo  were  erected 
large  enough  to  run  six  or  seven  motors  from  6  to  20  horse-power,  and  at 
distances  varying  from  300  to  1,000  feet ;  and  if,  also,  the  lighting  at  night 
was  done  by  the  same  engine  and  dynamo,  it  would  then  be  found  that 
the  cost  of  running  the  motor  60<)  feet  away  would  be  less  than  that  of  the 
engine  with  its  separate  range  of  pipes.  The  attendance  would  be  no  more 
with  the  six  motors  than  with  one ;  and  there  would  be  much  less  trouble 
than  with  separate  engines,  as  a  good  motor  with  carbon-brushes  and  the 
oil-cups  filled  twice  a  day  needs  no  more  attention.  The  motor-founda- 
tions can  be  made  much  lighter  than  those  of  an  engine,  and  no  time  need 
be  lost  in  tightening  the  belt,  as  the  motor  can  be  slid  back  while  running. 


ELECTRICITY  IN  MINING  OPERATIONS.  183 

A  motor  on  a  variable  load,  such  as  sawing,  or  on  a  light  load,  is  more 
efficient  than  an  engine.  The  power  taken  by  the  dynamo  from  the 
engine  is  in  direct  proportion  to  the  flow  of  current,  so  that  if  a  motor  be 
stopped  no  power  is  being  lost ;  whereas,  if  an  engine  be  stopped,  there  is 
always  condensation  taking  place  in  the  steam-pipes. 

In  order  to  keep  down  the  cost  of  attendance,  the  writer  thinks  that  it 
would  be  advisable  to  have  the  fan  engine-house  and  the  electric  generat- 
ing-house  all  in  one,  so  that  the  same  staff  would  do  for  both.  The 
cost  for  buildings  would  also  be  reduced,  for  the  fan  as  well  as  the  electric 
plant. 

As  to  which  is  the  best  type  of  plant  for  a  central  station,  there  are 
considerable  differences  of  opinion.  Some  engineers  argue  strongly  in 
favour  of  the  generator  coupled  direct  to  the  engine,  while  others  are 
just  as  much  in  favour  of  either  belt  or  rope-driving.  Local  conditions 
must,  to  a  great  extent,  guide  the  mining  engineer  as  to  which  it  would 
be  best  to  use. 

In  the  case  of  a  large  lighting-plant  it  is  advisable  to  have  a  spare 
dynamo,  though  the  plant  need  not  necessarily  be  in  duplicate ;  yet  there 
should  be  a  good  margin,  so  that  if  a  breakdown  occurred  to  one  machine 
the  place  would  not  be  left  altogether  without  light. 

If  the  plant  be  also  to  be  used  for  driving  motors  in  the  day,  it  would 
not  be  wise  to  depend  on  one  engine  only,  which  would  be  running  day 
and  night.  For  periods  of  very  light  load,  such  as  Saturday  and  Sunday 
nights,  a  small  generator  coupled  direct  to  an  engine  is  very  useful,  and  it 
should  be  arranged  to  run  in  parallel  with  the  other  machines. 

Before  purchasing  the  dynamos,  the  question  which  first  presents  it- 
self is  :  what  voltage  shall  be  used  ?  Until  recently  there  was  no  really 
reliable  lamp  made,  which  would  work  with  a  voltage  much  above  110, 
but  now  good  lamps  are  made  working  at  200  to  250  volts.  The  great 
advantage  of  this  fact  is  that  on  a  given  size  of  wire  twice  as  many 
lamps  can  be  carried  as  was  the  case  formerly  with  100  volts. 

For  motors  not  very  far  from  the  generator,  200  volts  is  a  very  con- 
venient figure,  so  that  the  same  wires  can  be  used  for  lighting  and  power. 
Where  the  power  has  to  be  carried  a  considerable  distance  the  loss  in  the 
cables  becomes  a  very  serious  item  if  a  voltage  of  200  be  used.  Voltages 
as  high  as  700  are  used  in  mines,  though  from  400  to  500  is,  on  the  whole, 
safer. 

Fig.  2  (Plate  I.)  is  an  outline-plan  of  a  plant  which  the  writer 
designed  and  put  down  for  the  Ackton  Hall  Colliery  Company,  and  is 
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suitable  for  both  lighting  and  power.  In  such  a  plant  there  are  two 
vertical  engines  of  60  horse-power  each  :  these  drive  from  the  flywheels 
two  30  horse-power  dynamos  B  B'  running  at  200  volts  for  lighting.  In 
line  with  the  engine-shafts  is  a  counter-shaft  carrying  a  pulley,  from 
which  a  belt  drives  a  60  horse-power  dynamo  A,  running  at  400  volts,  for 
driving  motors.  At  each  end  of  the  counter-shaft  is  a  flexible  friction- 
coupling  capable  of  transmitting  the  whole  power  of  either  engine.  These 
couplings  can  be  thrown  in  or  out  of  gear  while  the  engines  are  running 
full  speed,  and  work  without  any  jar.  Dynamo  G  is  coupled  direct  to  a 
15  horse-power  high-speed  single-acting  engine  ;  this  dynamo  works  at 
200  volts,  and  it  and  the  two  dynamos  B  B'  can  be  coupled  in 
parallel. 

By  having  the  voltage  of  the  power-dynamo  just  double  that  of  the 
lighting-dynamos,  in  the  event  of  a  breakdown  the  two  lighting-machines 
can  be  coupled  in  series,  and  so  400  volts  is  obtained  between  their  outer 
terminals,  to  which  the  mains  of  dynamo  A  can  be  connected,  and  in 
addition  either  of  the  machines  can  be  used  for  lighting  (200  volts)  at  the 
same  time.  Under  such  circumstances,  belt-driving  seems  preferable,  as 
the  same  engines  can  be  used  for  a  double  purpose,  which  would  not  be  the 
case  in  a  direct-coupled  plant.  To  get  the  best  advantage  out  of  a  plant 
like  this,  although  the  first  cost  is  rather  high,  the  engines  must  be  com- 
pound condensing. 

A  type  of  generating-plant  which  is  coming  to  the  front  just  now  is  a 
steam-turbine  coupled  direct  to  a  dynamo. 

The  writer  has  recently  designed  and  put  down  a  new  plant  in  which 
there  are  two  500  volts  generators  of  200  horse-power  each,  coupled  to 
two  turbines.  The  total  space  occupied  by  these  is  only  15  feet  by  10 
feet,  and  no  foundations  are  needed,  the  machines  not  being  bolted  down, 
but  simply  resting  on  rubber  mats.  The  consumption  of  feed-water  is 
very  low  with  these  machines,  being  17  lbs.  per  indicated  horse-power  at 
half  load,  when  condensing. 

This  plant  has  been  erected  to  drive  three  systems  of  haulage  in  three 
pits,  each  driven  by  a  40  horse-power  motor,  and  a  large  coal-washer  in 
which  there  are  three  80  horse-power  motors.  Coal-cutters  will  also  be 
worked  at  nights. 

After  the  engine  and  dynamo,  the  next  most  important  factor  in  an 
electric  plant  is  the  motor.  This  should  be  of  the  best  make,  and  with  a 
margin  of  power  above  the  ordinary  load  at  which  it  is  intended  to  be 
run.  Like  dynamos,  there  are  three  types  of  continuous-current  motors, 
viz.,  shunt,  series,  and  compound-wound. 
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Which  machine  is  the  best,  altogether  depends  on  the  purpose  for 
which  it  is  intended.  The  compound-wound  motor,  when  differentially 
wound,  runs  at  a  constant  speed  for  all  loads,  but  owing  to  its  liability  to 
be  reversed  when  starting  it  is  not  much  used.  A  well  designed  shunt- 
wound  motor  rims  at  a  fairly  constant  speed  with  varying  loads.  Its 
drawback  is  that  it  will  not  start  against  a  very  heavy  torque.  The  field- 
circuit  should  be  closed  first,  and  the  magnets  should  be  fully  excited 
before  the  current  is  passed  through  the  armature.  Except  in  the  case  of 
very  small  motors  a  starting-resistance  must  always  be  used.  Another 
point  worthy  of  attention  in  a  shunt-motor  is,  that  if  the  field-circuit  be 
opened  a  very  high  voltage  is  induced  in  the  field-windings,  and  in  the 
case  of  large  motors  it  may  be  sufficient  to  break  down  the  insulation. 
Provision  should  be  made  that,  when  the  current  from  the  generator  is  cut 
off  from  the  field-circuit,  there  shall  be  a  closed  circuit  through  which 
the  induced  current  can  disperse  itself.  If  this  be  done  there  will  be 
no  danger  of  damaged  field-windings,  and  also  the  very  vicious  spark 
which  damages  the  switch-contacts  will  be  obviated. 

The  speed  of  a  series-motor  varies  with  the  load,  but  the  torque  is 
greatest  when  starting,  because  the  main  current,  •  going  round  both  the 
field-windings  and  the  armature,  magnetizes  them  to  the  fullest  extent. 
Series-motors  are  suitable  where  a  heavy  load  has  to  be  started,  and  when 
after  starting  the  load  is  fairly  constant. 

Some  of  the  uses  for  which  a  series-motor  is  suitable  are  pumping, 
coal-cutting,  driving  main-and-tail  haulage,  hoists,  elevators,  traction,  as 
carried  out  in  some  mines  in  America,  and  in  a  few  instances  in  England. 
They  are  also  adapted  for  winding  from  shallow  pits,  as  used  in  South 
Africa. 

Shunt-motors  are  suitable  for  almost  any  work  in  which  the  load  at 
starting  is  not  great,  and  where  the  speed  requires  to  be  constant. 

Just  as  in  early  days  the  steam-engine  was  set  to  pump  water  from 
the  Cornish  mines,  so  the  first  use  to  which  mining  engineers  applied 
electricity,  as  a  motive  power,  was  the  pumping  of  water. 

Though  pumping  is  not  the  kind  of  work  in  which  electricity  shows 
to  the  best  advantage  (except  in  the  case  of  dip  pumps),  still  the  advan- 
tage of  having  a  pair  of  cables  and  a  column  of  pipes  fixed  in  the  shaft 
instead  of  a  number  of  moving  spear-rods  was  very  evident  to  mining 
engineers. 

Although  while  running,  a  Cornish  pumping-engine,  even  in  these 
days   of  triple   and   quadruple-expansion   engines,  is  one  of  the  most 
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economical ;  still  the  moving  parts  are  out  of  sight  in  the  shaft,  and 
repairs  are  awkward  to  deal  with.  With  the  electrically-driven  pump, 
however,  everything  is  easy  of  access. 

In  pumping  from  dip-workings,  the  chief  gain  in  favour  of  electricity 
is  its  portability.  The  pump  and  motor  can  both  be  on  one  bed-plate, 
and  the  whole  machine  can  be  placed  on  a  bogie,  being  moved  forward  as 
the  water  recedes,  while  at  the  same  time  cable  is  paid  out  from  a  drum. 

As  regards  underground  haulage,  taken  by  itself,  it  would  be  very  hard 
to  find  anything  to  beat  in  economy  an  engine  on  the  surface  driving  a 
rope  which  is  carried  down  the  shaft.  This  system  works  remarkably 
well,  and  except  for  occasional  breakages  of  the  rope  costs  very  little. 
This  is  an  isolated  plant  which  has  to  bear  all  its  own  capital  charges, 
etc.,  while  if  the  first  cost  were  distributed  over  several  other  plants,  the 
cost  per  ton  of  coal  hauled  to  the  pit-bottom  would  be  reduced. 

One  other  purpose  to  which  electricity  can  be  advantageously  applied 
is  the  driving  of  underground  fans.  In  a  mine  where  the  roads  are  very 
long  the  air-current  is  often  extremely  sluggish ;  while  to  increase  the 
water-gauge  at  the  fan  would  only  cause  greater  leakage  through  the  goaf 
and  ventilating-doors,  without  very  materially  improving  the  ventilation. 
In  order  to  improve  the  ventilation,  a  fan  has  been  fixed  at  some  collieries 
underground  and  driven  by  a  motor.  The  fan  being  placed  in  the  return 
air- way  very  materially  assists  the  ventilation. 

So  far  the  writer  has  only  dealt  with  continuous-current  motors,  and 
the  question  might  be  asked,  would  not  alternating  motors  do  as  well  or 
even  better  ? 

Where  a  continuous-current  plant  is  going  to  be  erected,  the  pressure 
at  which  it  is  to  work  must  be  very  carefully  thought  out,  as  it  cannot 
afterwards  be  altered — except  by  discarding  the  dynamos,  motors,  and 
lamps,  and  laying  down  new  ones. 

From  multipolar  dynamos,  currents  of  two  or  three  pressures  can  be 
obtained,  though  once  fixed  they  cannot  be  altered.  The  pressure  may  be 
transformed  by  means  of  a  rotary  transformer,  but  owing  to  its  cost  and 
the  fact  that  it  has  moving  parts  it  is  unsuitable  for  mining  work.  On 
the  contrary,  with  an  alternating-current,  by  means  of  a  transformer  in 
which  there  are  no  moving  parts  whatever,  the  pressure  can  be  raised  or 
lowered  to  suit  the  requirements  of  each  case.  Alternating  machinery  is 
more  costly  than  continuous-current  plant  for  the  same  power.  Alter- 
nating motors  have  the  disadvantage  that  most  of  them  are  not  self- 
starting,  and  those  that  are  will  not  start  against  a  heavy  load. 
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The  great  drawback  to  the  use  of  electricity  in  mines,  especially  at 
the  working-face,  is  the  liability  to  sparking.  No  continuous-current 
motor  has  been  made  which  has  no  sliding-contact,  so  that  to  render 
these  machines  safe,  the  expedient  of  completely  boxing  them  in  has  been 
resorted  to ;  but  it  is  not  satisfactory,  as  the  commutator  is  just  the  part 
which  is  likely  to  give  trouble,  and  therefore  should  be  readily  accessible. 

There  is  an  alternating  motor  of  the  polyphase  type,  in  which  there 
are  no  sliding-contacts  whatever,  and  which  is  also  self-starting  against  a 
considerable  load.  This  machine,  if  electricity  be  used  at  the  coal- 
face for  cutting  and  drilling,  is,  in  the  writer's  opinion,  the  most  suitable 
one.  It  is  not  as  efficient  as  some  other  forms,  but  it  has  the  advantage 
of  being  safe.  The  application  of  electricity  to  coal-cutting  is  extending, 
though  hitherto  the  collier  seems  to  have  reaped  more  benefit  from  it 
than  the  proprietor,  as  his  hardest  work  has  been  done  for  him,  and  yet 
he  gets  very  much  the  same  pay. 

If  an  engine  or  motor  be  used  underground  for  pumping  or  haulage, 
it  could  also  be  used  to  drive  a  low-pressure  polyphase  generator  for  the 
coal-cutters.  This  is  the  only  case,  as  machines  are  now,  in  which  it  is 
advisable  to  use  an  alternating  current. 

The  question  of  cables  is  the  next  one  to  be  considered.  The  size,  of 
course,  depends  on  the  power  to  be  transmitted,  and  the  permissible  loss 
in  the  cable.  The  chief  difficulties  to  be  overcome  are  the  carrying  of 
the  cables  down  the  shaft,  in  the  first  place,  and,  secondly,  the  way  of 
supporting  them  along  the  roads.  If  the  cables  be  supported  on  insu- 
lators at  intervals  down  the  shaft,  then  if  pieces  of  coal  fall  down,  the 
iusulators  are  broken,  the  insulation  is  damaged,  and  it  is  not  very  long 
before  electrolysis  begins,  and  the  cable  is  corroded  away. 

On  the  other  hand,  if  the  cables  be  embedded  in  wooden  casing,  fixed 
to  the  shaft-side,  then  the  insulation  must  be  high  on  account  of  the 
liability  of  corrosive  waters  to  soak  through  the  wood.  Once  the 
insulation  begins  to  give  way,  there  is  endless  trouble  in  localizing 
defects.  Where  the  shaft  is  clear,  owing  to  rope-conductors  being  used, 
the  cheapest  method  in  every  way  is  to  hang  the  cables  from  the  top, 
unsupported  anywhere  else.  The  insulation  need  only  be  light,  in  fact, 
bare  wire  would  do,  only  there  would  be  the  risk  of  the  shaft-examiners 
getting  severe  shocks.  With  this  method  of  suspension  the  support  for 
the  cable  must  be  perfectly  insulated.  The  writer  uses  a  cast-iron  oil 
insulator  6  inches  long,  carrying  a  bolt  with  an  iron  clamp  at  the  end,  to 
which  the  cable  is  clamped.     When  a  cable  is  to  be  hung,  the  drum  on 
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which  it  is  wound  is  placed  in  the  cage  free  to  revolve,  the  loose  end  is 
fixed  in  the  clamp,  the  insulator  is  hung  on  the  iron  bar,  which  is  its  per- 
manent support,  and  the  cage  is  then  lowered  steadily,  the  wire  unreeling 
as  it  descends. 

A  cable  1,200  feet  long  can  be  hung  in  twenty-five  minutes,  including 
the  clamping,  etc.  Once  fixed,  these  cables  have  not  needed  the  least 
attention.  There  is  nothing  to  catch  falling  coal,  etc.,  and  the  insulation 
resistance  of  the  shaft-cables  is  always  the  highest  of  any  cables  about  the 
place.  By  this  means  the  first  cost  is  reduced,  as  a  low-grade  insulation 
can  be  used,  the  cost  of  hanging  is  very  low,  and  the  cost  of  maintenance 
is  practically  nil.  If  cables  be  run  in  pipes  the  cost  is  high,  but  the  risk 
of  any  damage  being  done  to  them  is  very  slight.  Cables  over  1,200  feet 
in  length,  to  carry  their  own  weight,  should  be  armoured  with  galvanized 
iron  wire.  It  should  be  understood  that  the  cables  are  nowhere  placed 
within  6  inches  of  the  shaft  side. 

In  carrying  cables  along  the  roads,  if  the  roof  and  sides  be  good,  they 
may  be  taken  overhead.  If  the  roof  be  bad  it  is  best  to  bury  them  in 
wooden  troughing. 

Fqr  lighting  wires  which  must  be  overhead,  even  if  the  roof  be  bad, 
they  may  be  tied  to  the  bars  with  light  cord,  so  that  in  the  event  of  a  fall 
the  cords  will  be  broken,  and  in  this  way  the  wires  often  escape  damage. 
For  going  long  distances  in-bye  the  concentric  armoured  cable  is  the  best, 
though  costly.  If  roof  falls  upon  it,  the  outer  and  inner  wires  are  nipped 
together,  the  fuses  at  the  surface  are  blown,  and  in  this  way  the  risk  of  a 
flash  in  the  mine  is  somewhat  reduced. 

As  regards  the  use  of  fuses,  mauy  engineers  object  to  them,  and  say 
that  they  go  off  when  they  are  not  wanted.  A  fuse  should  carry  50  per 
cent,  above  the  normal  current  for  a  short  time,  but  should  be  of  such  a 
length  that  if  this  be  continued  for  some  time  the  fuse  gets  hot  and  finally 
falls  out. 

All  motor-circuits  should  have  ammeters  in  the  engine-room  and  in 
some  cases  at  the  motor  also.  As  an  instance  of  the  use  of  an  ammeter, 
the  writer  on  looking  one  day  at  an  ammeter  of  a  25  horse-power  motor 
driving  a  three-throw  pump  noticed  that  it  was  taking  6  amperes  more  than 
usual  ;  on  sending  for  the  man  who  had  been  down  to  it  he  was  informed 
that  the  three  glands  had  been  tightened.  This  pump  is  240  feet  down  a 
shaft,  and  is  stopped  and  started  from  the  engine-room  ;  a  man  goes  down 
morning  and  night  to  oil  it.  If  a  bearing  gets  warm,  it  shows  on  the 
ammeter.  This  pump  has  run  for  three  years,  and  has  cost  nothing  in 
repairs  except  for  a  new  set  of  brushes  for  the  motor. 


ELECTRICITY  IN  MINING  OPERATIONS  189 

Having  considered  the  principal  applications  of  electricity,  some  of 
the  minor  ones  may  be  mentioned,  viz.,  the  lighting  of  miners'  lamps, 
telephones,  and  signals  used  on  the  surface  and  underground.  Several 
methods  of  lighting  safety-lamps  have  been  introduced:  the  advan- 
tages claimed  being  that  the  lamps  need  only  be  lighted  when  they  are 
given  out  to  the  men,  thereby  saving  oil.  At  a  large  colliery  this  would 
be  a  very  considerable  advantage.  Electric  signals  are  much  quicker 
than  pull-signals,  and  in  deep  pits,  where  fast  winding  is  practised,  the 
saving  of  time  over  the  pull-bell  is  very  considerable.  Telephones  are, 
perhaps,  more  conveniences  than  necessities,  though  at  a  large  colliery 
much  time  may  be  wasted  in  going  from  one  part  of  the  works  to 
another.  In  case  of  an  accident  to  the  cages,  a  telephone  down  the  pit 
is  very  useful. 

At  a  small  colliery  the  enginewright,  with  moderate  knowledge  of  the 
fundamental  principles  of  electric  machinery,  will  be  able  to  do  any  small 
repairs.  At  a  large  colliery,  it  is  advisable  to  have  a  skilled  man  who 
thoroughly  understands  the  machines,  who  can  also  put  in  new  lights, 
and  keep  things  in  order  generally.  For  engine-  and  dynamo-attendants, 
the  writer  finds  youths  of  eighteen  or  nineteen,  trained  on  the  place,  better 
than  older  men,  as  they  have  fewer  preconceived  ideas  about  electricity; 
and,  with  a  few  books  on  the  subject  lent  to  them,  they  are  not  long 
before  they  are  competent  to  take  charge  of  a  shift. 

One  very  important  point  remains  to  be  dealt  with,  and  that  is,  the 
testing  of  machinery  and  cables.  If  ever  the  proverb  about  the  stitch 
in  time  saving  nine  be  true,  it  is  in  the  case  of  electrical  machinery. 
Although  there  is  no  instrument  which  can  be  fixed  to  a  boiler  to 
indicate  the  approximate  thickness  of  the  pipes,  and  show  how  far  a  leak 
may  be  away,  yet  a  leak  in  a  pipe  shows  itself  at  once  when  the  pressure 
is  on.  With  electrical  plant  it  is  different,  as  a  leak  does  not  make  itself 
shown  at  once ;  in  fact,  perhaps  not  until  there  is  a  breakdown.  With  a 
proper  testing-set,  the  insulation-resistance  of  the  machines  and  mains 
can  be  measured ;  this  should  be  done  often,  and  the  results  kept  in  a 
book,  so  that  it  can  be  seen  if  a  cable  is  becoming  faulty,  and  the  cause 
stopped.  It  may  be  said  that  the  life  of  the  plant,  to  a  large  extent, 
depends  on  constant  testing  for  leakage. 

In  conclusion,  the  writer  would  urge  that  the  mining  engineer  cannot 
alter  the  efficiency  of  engines,  dynamos,  and  motors,  and  therefore  it 
should  be  his  aim,  by  the  careful  arrangement  of  the  plant,  to  get  a 
maximum  of  work  done  for  a  minimum  expenditure.     In  good  machines 
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the  combination  of  dynamo  and  motor  should  not  involve  a  loss  of  more 
than  10  to  15  per  cent,  of  the  total  power  delivered  to  them,  while  there 
are  many  electrical  installations  of  which  the  total  efficiency  is  not  40  per 
cent.,  thus  showing  what  scope  there  is  for  careful  planning. 


The  Chairman  said  he  was  sure  that  the  members  had  been  interested 
in  Mr.  Holiday's  paper.  For  taking  power  long  distances,  electricity  was 
very  valuable ;  but  using  it  on  the  surface,  as  Mr.  Holiday  suggested,  was 
very  different.  Setting  the  cost  of  the  steam-pipes  and  engine  against 
that  of  the  dynamo  and  motor,  there  could  be  no  saving  of  capital  expen- 
diture ;  and  it  would  be  a  question  whether  the  efficiency  gained  by  using 
electricity  and  a  high-class  engine  would  be  greater  than  the  losses  in  the 
dynamo,  cable,  and  motor.  Mr.  Holiday  said  that  the  loss  should  be  10 
or  15  per  cent.,  but  as  a  rule  these  figures  were  exceeded.  Mr.  Holiday 
said  that  electricity  was  an  efficient  power  in  the  case  of  variable  loads, 
because  the  efficiency  was  greater  ;  but,  in  the  motors  that  he  had  seen, 
variation  of  the  load  caused  sparking.  He  (Mr.  Cockin)  thought  that 
there  was  a  great  future  for  the  use  of  electricity  for  sinking  purposes,  as 
the  steam-pipes  were  temporary,  and  could  not  be  properly  covered,  so  that 
a  great  deal  of  steam  was  lost.  In  coal-cutting  they  might  think  that  com- 
pressed air  would  have  a  great  advantage  over  electricity,  as  the  electrical 
machines  were  heavier,  more  delicate,  and  were  liable  to  sparking,  and  to 
give  workmen  shocks. 

The  Chairman  then  presented  Mr.  Holiday  with  the  seven  volumes 
given  by  the  Institution  as  a  prize  for  the  paper. 

Mr.  T.  E.  Parrington  said  Mr.  Holiday  stated  that  a  current  of 
400  to  500  volts  was  safe,  but  lie  thought  that  anything  over  300  volts 
was  dangerous.  Experiments  showed  that  slight  sparking  had  not  caused 
explosion,  but  if  the  motor  sparked  badly,  explosion  occurred.  One  dis- 
advantage of  alternating  motors  was,  that  they  always  pulled  up  if  they 
were  slightly  overloaded.  Mr.  Holiday  advised  the  use  of  wooden  trough- 
ing  for  carrying  cables  along  the  roads ;  but  if  a  short  circuit  took  place, 
the  wooden  troughing  would  take  fire,  and  a  fire  in  a  pit  was  not  alto- 
gether desirable.  Mr.  Holiday  said  he  thought  that  telephones  were  more 
a  convenience  than  a  necessity;  but  he  (Mr.  Parrington)  would  use  tele- 
phones in  the  pit  sooner  than  any  other  form  of  electric  plant.  They 
were  very  necessary  in  communicating  from  one  part  of  the  pit  to  another, 
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and  to  the  surface.  Mr.  Holiday  said  that  the  lighting  of  miners'  lamps  by 
electricity  saved  oil,  and  that  lamps  need  not  be  lighted  until  given  out 
to  the  workmen.  In  Durham,  it  was  not  usual  to  light  safety -lamps ; 
they  were  given  out  to  the  workmen,  who  generally  lighted  them. 

Mr.  W.  R.  Bell  said  that  Mr.  Holiday  appeared  to  have  had  con- 
siderable experience  in  the  use  and  application  of  electricity,  yet  he  said 
that  he  would  show  where  it  might  be  used  with  advantage,  if  possible. 
He  rather  seemed  to  be  in  doubt  whether  electricity  could  be  used  with 
economy  and  efficiency  as  a  motive  power.  Having  an  electrical  engine, 
they  must  have  a  steam-engine  to  drive  the  generator ;  and  if  they  only 
got  from  40  to  60  per  cent,  of  useful  effect  out  of  the  electrical  generator, 
it  could  not  be  economical  to  use  electricity,  considering  the  loss  in  the 
steam-engine,  in  the  dynamo,  etc.  Mr.  Holiday  mentioned  the  use  of  an 
auxiliary  fan  in  a  return-airway  to  increase  the  ventilation ;  but  with  a 
machine  which  sparked,  in  a  return-airway  the  results  might  some  day  be 
disastrous ;  and  further,  whether  the  ventilation  was  increased  in  the 
return-airways  or  in  the  shaft,  there  would  be  the  same  leakage  through 
the  goaf.  Mr.  Holiday  said  that  electric  signals  were  often  used.  With- 
out a  doubt  that  was  the  only  improvement  in  which  the  disadvantages 
of  electricity  could  be  overcome. 

The  Chairman  said  that  in  Yorkshire  they  would  not  allow  the  work- 
men to  light  their  own  lamps,  and  they  found  electricity  very  useful  for 
lighting  lamps  in  the  mine.  They  had  not  many  pits  in  Derbyshire  or 
Yorkshire  where  the  introduction  of  a  motor,  if  it  did  spark,  would  result 
in  an  explosion. 

Mr.  R.  Holiday  said  that  he  intended  his  paper  to  meet  the  case  of 
enquirers  who  asked  whether  putting  a  motor  into  a  mine  would  be  cheaper 
than  an  engine.  An  engine,  motor,  dynamo,  and  cables  erected  for  one 
purpose  alone  would  be  more  expensive  than  the  ordinary  method  of 
applying  power  by  means  of  an  engine,  but  economy  resulted  where  the 
plant  could  be  used  for  many  purposes.  If  a  large  dynamo  was  erected 
in  the  fan-engine  room,  200  or  300  horse-power  could  be  developed,  and 
one  attendant  could  look  after  the  fan-engine  and  the  electric  plant. 
With  a  well-designed  motor  with  carbon  brushes,  the  work  could  be  varied 
from  half  to  full  load,  and  the  extra  cost  of  attendance  was  practically 
nil.  At  Ackton  Hall  collieries,  a  number  of  motors  varying  from  £  to  80 
horse-power  were  in  use :  the  attendants  comprised  one  engineman,  and  a 
young  man  who  went  round  to  the  motors  once  a  day.  It  was  not  eco- 
nomical to  erect  a  plant  to  work  an  isolated  pump,  but  electricity  was 
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economical  if  one  generating  plant  could  be  used  to  drive  a  number  of 
motors  of  varying  power.  Ordinarily,  for  an  isolated  plant,  electricity 
would  be  cheaper  when  it  was  not  under  2,000  feet  away ;  for  a  less  dis- 
tance than  that,  it  did  not  pay.  The  great  difficulty  in  working  an 
electric-lighting  station  economically  was  that  they  had  to  have  plant 
sufficient  for  the  maximum  demand,  but  for  which  there  was  no  work 
during  several  hours  of  the  day.  Mr.  Albion  T.  Snell,  an  authority  on 
the  subject,  said  that  a  colliery  plant  should  possess  a  better  load-factor 
than  any  other,  as  they  could  get  both  a  day  and  a  night  load.  With 
variable  loads,  a  cheap  motor  could  be  used  which  would  spark  with  a 
variation  of  2  per  cent,  of  the  load ;  but,  by  paying  a  little  more,  a  motor 
could  be  obtained  which  would  not  spark  between  half  and  full  load. 

The  cost  of  engine,  dynamo,  cables,  and  motor  was  more  than  the  cost 
of  engine  and  pipes,  but  when,  without  greatly  increasing  the  cost  of  the 
engine,  they  could  run  a  large  number  of  motors  from  that  engine,  the 
economy  was  considerable.  The  Chairman  said  he  thought  that  there 
was  a  considerable  opening  for  the  use  of  electrical  pumps  in  sinking 
shafts,  but  they  would  not  be  much  more  economical  than  the  Bailey  or 
Denaby  pump,  and  it  would  not  be  economical  to  carry  motors  down  with 
water  continually  dropping  on  them.  For  coal-cutting,  the  current  should 
be  transmitted  at  high-pressure,  and  transformed  to  low-pressure  not  far 
from  the  working-face,  so  that  there  should  be  no  risk  of  shock.  Mr. 
Parrington  stated  that  a  voltage  over  300  was  dangerous,  but  at  Ackton 
Hall  collieries,  a  pressure  of  525  volts  was  used,  and  the  young  lads  took  the 
shocks  and  seemed  to  flourish,  though  there  were  circumstances  in  which 
200  volts  might  be  fatal.  The  commutator  was  the  weak  point  in 
electrical  machinery — the  rubbing  contact.  If  that  could  be  avoided  it 
should  be  done,  but  as  yet  it  was  not  possible  with  continuous-current 
motors.  He  did  not  mean  to  say  that  electricity  was  par  excellejice  the 
best  power  to  use  in  a  mine,  and  its  application  must,  to  a  great  extent, 
be  guided  by  local  circumstances.  It  was  said  that  the  alternating  motor 
pulled  up  with  variation  of  load :  the  ordinary  polyphase  motor  did  not 
pull  up ;  it  was  like  the  series-wound  motor  which  could  start  against  a 
load,  but  it  was  not  efficient  above  15  horse-power.  A  machine  of 
that  size  might  be  used  to  work  a  coal-cutter,  but  above  that  power  they 
were  not  efficient.  Mr.  Parrington  said  that  cables  placed  in  wooden 
troughing  would  fire  the  wood  if  there  was  a  short-circuit ;  but  the  cables 
should  be  placed  in  separate  troughs  so  that  there  was  no  fear  of  short- 
circuit.  He  had  no  doubt  that  if  telephones  were  more  extensively  used 
they  would  prove  an  advantage  in  mines.     He  had  seen  long  rows  of 
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safety-lamps  lighted  in  readiness  for  the  workmen  going  down  some  time 
before  they  went  down,  and  lighting  by  electricity  really  effected  a  con- 
siderable saving  of  oil.  Mr.  Bell  said  that  he  (Mr.  Holiday)  seemed  to 
be  in  doubt  as  to  whether  electricity  could  be  economically  applied ;  but 
he  had  wished  to  show  where,  and  under  what  circumstances,  it  could  be 
economically  applied. 

The  Chairman  said  he  had  yet  to  be  convinced  that  it  was  a  good 
thing  to  drive  surface-machinery  by  electricity.  Mr.  Holiday  seemed  to 
argue  that,  having  the  plant,  they  must  use  it,  but  it  might  not  be  econo- 
mical to  use  it  if  steam  were  wasted  by  doing  so.  He  could  not  see  that 
it  would  be  wasteful  to  use  electricity  for  working  sinking-pumps.  Mr. 
Holiday  said  that  the  water  would  destroy  the  cables,  but  could  they  not 
be  protected  ? 

Mr.  R.  0.  Brown  said  that  he  had  seen  protected  cables  in  a  shaft 
destroyed  within  a  month. 

The  Chairman  said  that  water  falling  upon  steam-pipes  was  a  very 
serious  source  of  loss  in  sinking  shafts. 

Mr.  T.  E.  Parrington  said  that  he  had  read  of  an  instance  where  a 
man  was  standing  on  an  iron  tub  which  was  wet ;  his  head  accidentally 
touched  the  cable,  and  he  was  killed,  the  voltage  being  only  250. 

Mr.  Bell  said  that  in  Durham  the  workmen  left  the  bottom  of  the 
safety-lamp  in  the  cabin  at  the  mine,  and  took  the  top  of  the  lamp  home 
with  them.  When  they  returned  to  the  mine,  they  got  the  bottom  of  the 
lamp  and  lighted  it. 


The  Chairman  moved,  and  Mr.  F.  G-.  Peake  seconded,  a  resolution 
that  a  hearty  vote  of  thanks  be  accorded  to  the  Midland  Institute  of 
Mining,  Civil,  and  Mechanical  Engineers  for  arranging  the  present  meet- 
ing, to  the  owners  of  collieries  and  works  to  be  visited,  and  to  the  Council 
of  the  Yorkshire  College. 

The  motion  was  agreed  to. 


194  TRANSACTIONS. 

STUDENTS'  COMMITTEE. 

With  a  view  of  furthering  the  arrangements  for  the  ensuing  Students 
Meeting,  the  following  committee  was  appointed : — Mr.  T.  H.  Cockin 
chairman ;  and  Messrs.  W.  K.  Bell,  Robert  0.  Brown,  Eoslyn  Holiday, 
E.  McGowan,  T.  E.  Parrington,  and  F.  G.  Peake. 


Mr.  R.  Holiday  proposed  a  vote  of  thanks  to  the  Chairman  for  his 
services. 

Mr.  T.  Hargreaves  seconded  the  motion,  which  was  agreed  to. 

The  meeting  was  then  closed. 


The  Ackton  Hall  and  Micklefield  collieries  and  the  Yorkshire  College 
were  open  for  inspection  during  the  course  of  the  meeting  on  August  5th, 
6th,  and  7th,  1896. 
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MIDLAND    INSTITUTE    OF   MINING,    CIVIL,   AND 
MECHANICAL   ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Firth  College,  Sheffield,  September  26th,  1896. 


Mr.  G.  BLAKE  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The   following    gentlemen    were    elected,    having    been   previously 
nominated. 

Members — 
Bergrath  Behrens,  Chief  Director,  Hibernia  Colliery,  Heme,  Westphalia. 
Mr.  Cyril  Frank  Jackson,  Mining  Engineer  and  Surveyor,  Crigglestone, 

Wakefield. 
Dr.  Schtjltz,  Principal,  Mining  Schocl,  Bochum,  Westphalia. 
Mr.  William  Scott,  Colliery  Manager,  Thornhill  Collieries,  Dewsbury. 

Associate  Member — 
Mr.  William  Derry,  Chemical  Engineer,  4,  Cross  Street,  Manchester. 

Student — 
Mr.  John  Whitehead  Maw,  Mining  Student,  Oaks  Collieries,  Barnsley. 


The  President  delivered  his  Inaugural  Address  on  "  The  Education 
of  Mining  Engineers"  as  follows  : — 
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THE   EDUCATION   OF   MINING  ENGINEERS. 


Presidential  Address. 


By  GEORGE  BLAKE  WALKER. 


My  first  duty  is  to  thank  you  for  the  honour  which  you  have  done  me 
in  electing  me  to  the  presidency  of  the  Midland  Institute  for  the  present 
year  ;  and,  in  thanking  you,  to  assure  you  that  I  shall  endeavour,  to  the 
utmost  of  my  power,  to  make  my  year  of  office  a  useful  one  to  the  Insti- 
tute. I  hope  that  in  this  I  may  rely  on  the  cordial  co-operation  of  the 
members. 

The  industry  with  which  we  are  all  connected,  and  in  whose  prosperity 
we  are  all  so  deeply  interested,  is  passing  through  a  time  of  trial  and 
difficulty,  the  causes  of  which  are  various  and  complex,  and  the  remedies 
for  which  are  problematical  and  obscure.  The  coal  trade  of  Great  Britain, 
which  formerly  had  no  rival,  is  now  hard  pressed  in  the  race,  and  the 
unquestioned  supremacy  which  this  country  once  possessed  is  hers  no 
longer.  Science  is  making  rapid  strides  in  all  branches  of  industrial 
enterprise,  and  science  being  cosmopolitan,  gives  to  all  nations  equally 
the  benefits  of  discovery  and  experience. 

In  the  Presidential  address*  which  he  delivered  last  year  to  the  Fede- 
rated Institution  of  Mining  Engineers,  Mr.  W.  N.  Atkinson  pointed  out 
that  the  output  of  coal  in  the  United  States  of  America  would  soon  have 
exceeded  that  of  the  United  Kingdom,  and  that  Germany,  France,  and 
Belgium,  in  the  ten  years  from  1884  to  189-1,  had  increased  their  produc- 
tion of  coal  by  29  millions  of  tons,  or  31  per  cent.,  whereas  in  the  same 
period  the  output  of  the  United  Kingdom  had  only  increased  by  11  mil- 
lions of  tons,  or  17  per  cent.;  the  production  of  the  three  countries  being, 
in  1894,  two-thirds  of  that  of  this  country.  Mr.  Atkinson  urges  that,  in 
view  of  the  changing  conditions,  the  increasing  physical  difficulties  to  be 
surmounted,  and  the  more  and  more  severe  competition  which  we  have  to 
meet,  "  it  is  more  than  ever  requisite  that,  to  be  successful,  the  mining 
engineer  should  have  a  very  efficient  training  both  in  the  practical  and 
scientific  knowledge  of  his  profession."! 

The  opinion  which  Mr.  Atkinson  so  strongly  urged  is  one  which  I 
have  myself  held,  and  for  which  I  have  worked  for  many  years  past.     I 
*  Trans.  Fed.  Inst.,  vol.  ix.,  page  299.  t  Ibid.,  page  307. 
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think  there  is  no  subject  of  more  pressing  importance  for  the  considera- 
tion of  such  an  Institute  as  that  to  which  we  belong,  and  I  therefore 
propose,  with  your  permission,  to  make  the  education  of  mining  engineers 
and  colliery  officials  the  subject  of  the  remarks  which  it  is  my  privilege  to 
address  to  you  to-day. 

We  are,  I  fear,  somewhat  apt  in  this  country  to  set  a  less  value  on 
scientific  attainments  in  business  pursuits  than  is  reasonable,  because  we 
rightly  attach  very  great  importance  to  practice  and  experience.  Were 
it  a  choice  between  a  scientific  and  a  practical  knowledge  of  mining,  there 
could,  of  course,  be  no  question  as  to  which  of  the  two  we  must  prefer, 
and  the  mere  student,  however  well  read,  is  virtually  useless  without  a 
thorough  practical  experience;  but,  although  we  are  all  agreed  about  this, 
I  venture  to  think  that  at  the  present  day,  and  under  existing  circum- 
stances, the  continued  progress  and  prosperity  of  the  coal  trade  of  this 
country  depends  on  our  raising  the  standard  of  scientific  attainments  to 
the  level  of  that  of  our  foreign  competitors.  The  problems  of  surmount- 
ing constantly  increasing  difficulties,  and  at  the  same  time  reducing  the 
cost  of  the  article  produced  and  of  so  producing  it  as  to  give  it  the  greatest 
possible  value,  the  preservation  of  life  and  health  at  greater  depths  and 
under  more  trying  conditions,  are  ever  presenting  themselves  under  new 
and  exacting  forms ;  and  in  the  struggle  for  life  those  only  will  eventually 
survive  who  can  most  successfully  bring  to  their  aid  the  resources  of 
science  and  highly  trained  ability. 

If  we  glance  at  the  statistics  of  the  coal-production-  of  the  world,  we 
shall  find  that  no  country  has  made  such  strides  in  the  development  of 
her  coal  resources  as  Germany.  Yet  Germany  has  by  no  means  easy 
conditions  to  account  for  her  startling  progress.  On  the  contrary,  the 
conditions  have  been  distinctly  unfavourable  and  difficult,  and  it  has  only 
been  by  means  of  a  large  measure  of  engineering  skill,  and  the  clever 
adaptation  of  means  to  ends,  that  the  result  which  has  been  so  strikingly 
successful  has  been  obtained.  * 

*  Wherein  lies  the  real  secret  of  Germany's  strong  and  unceasing  commercial 
advance  ?  Prof.  William  Ramsay  has  forwarded  to  the  Times  a  letter  by  Prof. 
Ostwald,  which  throws  a  great  deal  of  light  on  the  subject.  The  secret  of  the  Ger- 
mans, as  revealed  by  Prof.  Ostwald,  is  the  close  connexion  between  theory  and  prac- 
tice in  scientific  education.  The  teaching  of  science  in  Germany  has  as  its  constant 
aim  the  detection  of  properties  of  matter  which  may  possess  an  industrial  value,  and 
the  detection  of  these  properties  is  promptly  followed  by  their  application.  Our 
students  are  not  less  able  or  less  industrious  than  their  German  rivals,  but  they 
are  inclined  to  be  too  exclusively  practical,  and  as  a  result  too  conservative. 
There  is  no  branch  of  trade  in  which  Germany  has  entered  more  successfully  into 
competition  with  us  than  the  chemical  industries,  and  these  are  a  typical  instance 
of  the  difference  between  the  two  national  systems.  The  number  of  men,  to  begin 
with,  who  are  investigating  with  a  view  to  practical  advance  in  these  industries  is 
far  larger  in  Germany  than  in  England ;  those  who  are  engaged  in  the  work  in 
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There  is  unquestionably  more  appreciation  of  the  value  of  a  good 
technical  training  in  Germany  than  at  home,  and  no  one  can  fail  to  be 
struck  with  the  enthusiasm  with  which  it  is  sought  for  by  the  miners 
themselves.  When  recently  visiting  the  Mining  School  at  Bochum,  in 
"Westphalia,  I  was  told  that  in  the  year  1894  there  were  646  applications 
for  admission  to  the  Mining  School  by  working  miners  and  mechanics, 
notwithstanding  the  fact  that  these  men  would  have  to  attend  at  the 
school  for  four  hours  every  day,  in  addition  to  doing  their  ordinary  work. 
Out  of  this  large  number,  there  were  places  available  for  only  120 
students,  who  were  selected  by  examination.  It  is  to  be  feared  that  a 
similar  proof  of  earnest  desire  to  acquire  knowledge  could  not  be  adduced 
in  our  own  country,  where,  indeed,  there  is  the  greatest  possible  difficulty 
in  getting  students  to  attend  even  a  single  night  a  week  during  the 
winter  time.  No  doubt,  progress  is  being  made  as  the  result  of  the 
efforts  of  the  County  Councils  to  provide  technical  instruction  in  mining 
as  in  other  trades.  I  am  able  to  say,  from  my  experience  as  an  examiner, 
that  there  is  an  advance  in  the  knowledge  acquired  in  the  various  local 
classes,  which  are  carried  on  by  the  West  Riding  County  Council  during 
the  winter  months,  and  the  lectures  which  are  given  at  Sheffield  and  at 
Leeds  on  Saturdays,  and  at  Barnsley  on  Wednesdays,  are  attended  by  a 
considerable  number  of  earnest  and  intelligent  young  men  ;  but,  after  all, 
what  is  two  hours  a  week  in  comparison  with  the  systematic  daily  course 
of  instruction  which  is  provided  in  Germany,  and  which,  as  I  have 
already  said,  is  so  eagerly  taken  advantage  of  ? 

The  question  of  the  relative  value  to  be  assigned  to  practice  and 
theory  in  the  industrial  arts  is  one  which  has  often  been  and  still  is 
debated,  but  there  never  was  a  time  when  it  was  of  greater  importance 
to  realize  the  true  bearings  of  these  two  sides  of  fruitful  knowledge  than 
now.  I  think  the  experience  of  everyone  will  confirm  me  when  I  say 
that,  though  in  the  abstract  most  men  will  admit  that  practice  and 
theory  must  go  hand-in-hand,  yet  in  everyday  life  we  hear  a  great  deal  of 
nonsense  talked  on  the  subject,  betraying  a  confusion  of  ideas,  which  to 

Germany  are,  moreover,  better  adapted  to  their  object  by  their  former  training. 
The  same  may  be  said  of  almost  every  trade  in  which  Germany  competes  with  us. 
There  are  few  trades  which  are  not  built  on  a  scientific  basis,  and  it  is  in  recogni- 
tion of  this  scientific  basis  and  in  unwearied  efforts  to  construct  a  new  and 
improved  edifice  upon  it,  that  Germany  holds  such  advantages  as  she  can  fairly 
claim.  The  advantage  is  not  confined  to  the  experts,  the  workers  themselves, 
thanks  to  a  superior  system  of  technical  education,  handle  their  materials  with 
knowledge  and  intelligence.  The  only  way  in  which  we  can  cope  with  German 
progress  in  this  matter  is  by  imitating  German  methods.  Better  technical  educa- 
tion, more  readiness  to  progress,  and  a  scientific  training  which  will  be  of  greater 
aid  in  producing  industrial  developments,  are  the  first  means  to  be  employed  if 
we  are  in  future  to  preserve  our  commercial  supremacy. 
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a  great  extent  obscures  the  real  point  at  issue.  I  think  our  time  will  not 
be  wasted  if  we  try  to  focus  our  ideas,  and  make  clear  to  ourselves  what 
is  the  true  end  and  object  of  scientific  knowledge  in  connexion  with 
callings  such  as  mining,  in  which  empiricism  must,  by  the  necessities  of 
the  case,  always  be  a  very  important,  if  not  a  preponderating  factor.* 

The  navigation  of  the  sea  was  in  early  times  an  art  which  was 
neeessarily  untechnical,  in  the  sense  that  the  sailors  relied  on  their  own 
observation  and  experience,  and  had  almost  no  recourse  to  scientific 
methods.  The  result  was  that,  in  the  course  of  their  voyages,  they 
scarcely  dared  to  venture  out  of  sight  of  land,  and  navigation  was 
consequently  very  much  restricted.  "When,  by  degrees,  they  obtained  a 
little  assistance  from  astronomy,  and  learnt  to  steer  a  course  by  observa- 
tion of  the  stars,  they  made  a  step  in  advance  ;  but  it  was  not  till  the 
invention  of  the  compass  that  they  could  venture  far  upon  the  trackless 
ocean  with  security.  At  the  present  moment,  the  navigation  of  ships 
requires  a  very  considerable  amount  of  special  scientific  training  ;  and, 
even  with  the  assistance  of  the  national  observatories,  and  the  use  of 
delicate  instruments  of  precision,  considerable  mathematical  calculations 
are  necessary  to  determine  the  position  of  a  ship  upon  the  ocean 
from  day  to  day.  Rut,  by  means  of  this  scientific  knowledge,  the 
carrying  trade  of  the  world  is  conducted  with  almost  absolute  cer- 
tainty and  punctuality  ;  and  in  spite  of  wind  and  weather,  of  fog  and 
darkness,  our  ships  perform  their  voyages  with  the  precision  of  a  railway- 
train.  But  it  may  be  doubted  whether,  if  the  requirements  of  mankind 
had  been  satisfied  with  the  primitive  seafaring  methods  of  antiquity,  all 
these  improvements  and  these  scientific  attainments  would  have  come  to 
pass.  We  can  imagine  some  old  ship's  captain  saying,  "  I  don't  believe 
in  all  this  book-learning,   I  never  had  it,  and  I've  sailed  the  seas  these 

*  An  eminent  manufacturer  on  Tyneside  wrote  to  the  Neivcastle  Daily  Chronicle 
of  October  24th,  1896,  as  follows  :  — 

' '  The  only  technical  education  which  is  possible,  on  a  pedagogic  basis,  consists 
in  giving  a  foundation,  the  deeper  and  broader  the  better,  in  the  sciences  which 
underlie  the  technical  work.  Of  this  sort  of  technical  education  we  cannot  have 
too  much,  or  too  much  encourage  an  appreciation  of  its  value,  or  too  much  assist 
by  all  the  means  in  our  power  the  growth  and  capabilities  of  those  institutions 
which  supply  it. 

There  is  no  denying  that  in  this  sort  of  education  we  have  always  been  behind 
the  Germans.  We  have  not  had  as  good  opportunities  for  getting  it,  and  as  a 
people  wo  have  lacked,  and  still  largely  do  lack,  the  proper  appreciation  of  it.  Of 
late  years  we  are  making  rapid  advances  as  regards  the  means  of  obtaining 
scientific  training,  and  the  value,  and  even  necessity  of  it,  are  coming  to  be  more 
and  more  appreciated.  Assuredly,  no  busy  technical  specialist  can  ever  be  any- 
thing but  greatly  benefited  in  his  work  by  having  been  well  instructed  in  the 
science  of  his  business,  and  trained  in  scientific  methods,  before  he  had  to  put  his 
nose  to  his  own  particular  grindstone.  In  the  hands  of  such  men  our  industries 
would  not  suffer  any  deterioration — they  would  rather  advance  and  throw  out 
new  branches." 
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sixty  years  and  more.  Let  a  boy  learn  to  handle  a  rope  and  reef  a  sail, 
and  he'll  be  all  right  ;  bnt  the  book-learning  will  only  take  the  manliness 
out  of  him."  I  say,  we  can  understand  such  language,  because  we  often 
hear  something  very  much  like  it  in  connexion  with  mining,  but  we 
thiuk  it  very  foolish  all  the  same.  Still,  the  analogy  may  help  us  to  see 
our  own  position  a  little  more  clearly.  Mining  in  the  last  century  was 
like  the  navigation  of  ancient  times  ;  it  was  distinctly  unscientific  and 
empirical.  The  coal  was  worked  at  shallow  depths,  but  the  dangers  and 
inconveniences  of  the  calling  of  a  miner  were  a  thousand  times  greater 
than  they  are  to-day  under  far  greater  difficulties.  I  believe  that  in  the 
shallow  ironstone-mines  of  this  district  the  ventilation  was  so  bad  that 
"  black  spit,"  or  miner's  phthisis,  was  a  general  complaint.  It  is  now 
practically  unknown,  though  the  descendants  of  those  men  have  to  work 
in  far  deeper  mines,  perhaps  at  the  distance  of  1  or  2  miles  from  the  shafts. 

Mining  nowadays  is  pursued,  is  made  possible,  by  the  invention  of 
the  safety-lamp,  quite  as  much  as  navigation  was  made  possible  by  the 
invention  of  the  compass.  And  perhaps  there  is  not  in  the  whole  history 
of  invention  a  more  striking  case  of  a  purely  scientific  discovery,  obtained 
in  the  best  scientific  method,  which  was  at  the  same  time  so  truly  and 
essentially  practical,  as  the  wire-gauze  cylinder  of  Sir  Humphry  Davy. 

I  have  said  that  the  mining  of  the  last  century  was  like  the  coast- 
ing voyages  of  the  ancients  ;  the  mining  of  the  day  seems  to  me,  with 
your  pardon,  hardly  so  far  advanced  as  an  art  as  the  ocean  navigation  of 
to-day. 

We  had  for  the  first  half  of  this  century,  the  coal-mining  and  (to  a  great 
extent)  the  manufacturing  industry  of  the  world  to  ourselves.  Europe 
plunged  in  war,  crushed  by  the  military  tyranny  of  the  first  Napoleon, 
and  bound  down  by  the  slowly-falling  fetters  of  mediaeval  feudalism,  was 
hampered  in  the  race,  and  in  consequence  Great  Britain  became  the 
workshop  of  the  world.  We  had,  too,  great  natural  advantages.  Our 
seams  of  coal  were  thick  and  of  fine  quality,  and  they  were  almost  level 
and  conveniently  disposed  for  cheap  and  easy  mining.  Everything  was 
in  our  favour,  and  consequently  against  the  foreigners  in  competition 
with  us.  We  gloried  in  our  commercial  pre-eminence,  and  attributed  it 
to  the  genius  and  the  shrewd  practical  common-sense  of  the  British  race. 
Far  be  it  from  me  to  undervalue  these  qualities,  they  are  among  the 
most  priceless  things  that  we  possess  ;  but  they  do  not  suffice  us  to-day. 
Nothing  is,  indeed,  more  forced  upon  our  attention  at  the  present 
moment  than  the  extreme  difficulty  with  which  British  trade  is  now 
maintained,  and  the  rapid  strides  with  which  other  countries  are  gaining 
upon  us. 
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An  excellent  opportunity  of  gauging  the  rate  of  American  progress 
in  iron  and  coal  is  afforded  by  the  issue,  which  has  just  taken  place,  of 
two  interesting  and  important  documents,  namely,  the  summary 
authorized  by  the  Treasury  of  the  United  States,  giving  the  imports  for 
the  fiscal  year  ended  June,  1896,  and  The  Production  of  Coal  in  1895, 
issued  by  the  division  of  Mineral  Kesources  of  the  Geological  Survey. 
The  imports  of  iron  and  steel  manufactures  amounted  to  370,546  tons 
in  1896,  and  to  325,037  tons  in  1895  ;  while  the  imports  of  iron-ore 
amount  to  776,285  and  262,205  tons  respectively.  The  exports  of  iron 
and  steel  manufactures  thereof,  for  the  fiscal  year  1896,  are  valued  at 
41,159,422  dols.  (about  £8,231,884),  against  32,000,989  dols.  (about 
£6,400,197).  These  figures  show  a  very  great  increase  in  the  United 
States  exports  of  iron  and  steel,  and  of  manufactures  of  iron  and  steel  in 
the  fiscal  year  1896,  as  compared  with  the  fiscal  year  1895.  Even  in 
1895,  the  export  under  this  head  was  greater  than  at  any  previous  period. 
It  is  noticeable  that  these  results  have  been  obtained  without  the  aid  of 
reciprocal  agreements.  The  total  amount  of  coal  raised  in  the  United 
States  in  1895  was  193,117,530  tons,  of  which  135,118,193  tons  represent 
bituminous,  and  57,999,337  tons  anthracite  coal.  The  value  is  placed  at 
197,799,043  dols.  (about  £39,559,808). 

It  is  in  no  spirit  of  pessimism  that  I  allude  to  this  unpleasant  fact  ; 
it  is  rather  in  order  to  appeal  to  that  shrewd  practical  common-sense,  to 
which  allusion  has  already  been  made.  Great  Britain  can  boast  the 
greatest  names,  not  only  in  science,  but  in  practical  invention.  The 
countrymen  of  Newton,  of  Cavendish,  of  Faraday,  of  Watt,  of  Stephen- 
son, and  of  Wheatstone  need  not  fear  to  fall  behind  in  the  race,  if  they 
only  realize  the  gravity  of  the  situation,  and  set  themselves  to  meet  it 
with  the  dogged  determination  said  to  be  characteristic  of  the  British  race. 

The  first  thing  to  be  done  is  to  look  facts  straight  in  the  face,  and  to 
allow  neither  pride  nor  prejudice  to  prevent  us  from  seeing  them  as  they 
are.  We  are  still  resting  in  the  comfortable  belief  that  things  are  much 
as  they  used  to  be  in  the  time  when  Great  Britain  had  the  coal  trade  and 
the  iron  trade  nearly  to  herself.  Although  we  have  been  told  that  this 
is  not  so  till  we  are  forced  to  believe  it,  for  the  most  part  it  is  a  "  faith 
without  works,"  and  we  go  on  as  if  it  were  true.  Next,  the  trade  of  the 
country  has  received,  and  is  still  receiving,  staggering  blows  from  the 
great  strikes  of  late  years,  of  which  the  most  terrible  and  disastrous  were 
the  London  dock  strike  of  1889,*  and  the  great  Midland  Counties  coal 
strike  of  1893. 

*  The  shipping  trade  of  Hamburg  has  now  surpassed  that  of  Liverpool,  and 
Antwerp  is  dangerously  near  doing  so  also. 
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Both  these  civil  wars  have  inflicted  permanent  injury  upon  our  trade  ; 
and,  unfortunately,  there  are  no  signs  that  the  woi'king  classes  have 
learnt  any  wisdom  from  them.  Ignorance  is  the  great  difficulty  and 
danger  here,  and  the  only  hope  we  can  entertain  is  that  before  it  is  too 
late,  those  who  guide  the  sheep-like  toilers  of  this  land  will  learn  the  vital 
necessity  of  conserving  the  trade  of  the  country  for  their  own  sake, 
instead  of  wasting  their  strength  in  quarrelling  with  their  partner  the 
capitalist,  as  "  a  house  divided  against  itself  cannot  stand." 

Another  fact  we  have  to  face  is  that  pleasure  and  amusement  have  a 
far  stronger  hold  on  our  young  men  in  England  than  they  have  among 
their  competitors  abroad.  This  is  an  evil  which  I  fear  is  growing.  No 
one  would  wish  to  deny  to  young  men  healthy  and  rational  amusement, 
and  it  will  be  an  evil  day  for  Great  Britain  when  her  sons  are  not  keen 
for  manly  games.  But  when  amusement  becomes  the  chief  object  in 
life  ;  when  employment  is  regarded  as  a  necessary  drudgery  to  be  got 
through  in  the  shortest  possible  time,  and  with  the  least  possible  trouble  ; 
when  scarcely  any  interest  is  taken  in  doing  work  well,  or  in  turning  out 
the  best  possible  articles  ;  then,  indeed,  there  is  a  serious,  nay  a  fatal 
symptom  ;  and,  if  it  be  not  cured,  British  trade  must  inevitably  decline, 
and  ultimately  perish.  Parliament  has  voted  considerable  sums  of  money 
to  provide  for  the  instruction  of  the  industrial  classes  in  the  technical 
science  of  their  trades.  But  the  old  saying,  "  You  may  take  a  horse  to 
the  water  but  you  cannot  make  him  drink,"  has  been  only  too  applicable 
to  the  efforts  which  have  hitherto  been  made  to  confer  these  benefits 
upon  the  mining  population  of  this  district.  So  much,  indeed,  has  this 
been  the  case  that  I  believe  the  "West  Riding  County  Council  have  been 
compelled  to  consider  whether  they  were  justified  in  expending  such  large 
sums  of  public  money  with  such  very  qualified  results.  Abroad  we  do 
not  find  the  same  indifference.  There,  as  I  shall  tell  you  presently, 
there  is  great  earnestness  and  enthusiasm  in  the  acquirement  of  technical 
knowledge.  The  foreigners'  abilities  are  not  inferior  to  our  own.  But 
they  assign  to  sports  and  pastimes  a  place  secondary  to  the  main  busi- 
ness of  life,  and  do  not  enthrone  football  and  horseracing  in  the  seat 
which  should  be  reserved  for  the  calling  by  which  they  are  to  live. 

And  lastly,  notwithstanding  the  provision  which  Parliament  has  made 
for  technical  education  in  recent  years,  we  are  all  still  far  behind  other 
countries  in  the  systematic  courses  which  are  essential  to  the  real  training 
of  men  who  are  to  take  up  the  battle  of  this  country  with  its  competitors, 
and  bring  it  victorious  out  of  the  struggle.  And  it  is  just  in  this 
particular  matter  that  the  opportunity  and  duty  of  our  Institute  will 
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be  found.  It  is  for  us,  who  represent  the  brain  of  the  raining  industry 
in  this  great  county  of  Yorkshire,  to  bestir  ourselves  ;  to  make  clear, 
first  to  ourselves  and  then  to  others,  what  it  is  that  is  necessary  in  order 
to  be  at  least  the  equals  of  our  commercial  rivals  ;  to  dissipate  the  errors 
which  abound  as  to  the  educational  equipment  which  is  needful  for 
young  mining  engineers  who  are  growing  up  amongst  us,  and  who  will 
have  to  carry  on  the  battle  after  us.  We  must  stimulate  these  last  to 
realize  the  seriousness  of  the  struggle  in  which  they  are  about  to  engage  ; 
we  must  urge  them  to  take  the  fullest  possible  advantage  of  such 
educational  opportunities  as  we  at  present  possess ;  and  we  must  endeavour 
by  all  the  influence  we  can  command  to  bring  pressure  upon  the  public 
authorities  to  get  our  systematic  scientific  and  technical  mining 
instruction  extended  and  improved.  This  is,  in  my  opinion,  one  of  the 
most  useful  things  that  this  Institute  can  set  itself  to  do,  and  it  is  for 
this  reason  that  I  have  selected  it  as  the  subject  of  the  present  address. 

In  order  to  make  the  enquiry  as  useful  and  practical  as  possible,  I 
propose  first  to  consider: — (1)  What  are  the  objects  which  we  should 
strive  to  secure  in  the  education  of  the  mining  engineer  ?  (2)  What  are 
the  present  means  of  instruction  in  our  own  district  ?  (3)  Similar 
institutions  abroad.  And  (4)  what  are  the  extensions  and  improvements 
in  our  own  systems  of  education  which  we  should  endeavour  to  promote  ? 

1.  Our  Present  System  and  What  we  should  Aim  at. 

There  are  three  classes  to  whom  instruction  in  technical  mining  is 
important : — The  mining  engineer,  the  colliery  official,  and  the  ordinary 
workmen.  But  the  latter,  only  requiring  such  general  instruction  as  will 
make  him  more  intelligent,  and  enable  him  to  follow  his  calling  with 
greater  safety  to  himself  and  his  fellow-workmen,  is  amply  provided  for 
by  popular  lectures  and  simple  treatises  on  mining. 

With  the  official  it  is  different.  It  is  most  desirable  that  he  should 
have  a  sound  and  accurate  knowledge  of  the  scientific  laws  and  pheno- 
mena with  which  he  is  daily  brought  into  contact,  in  order  that  he  may 
not  only  conduct  the  operations  of  the  mine  with  safety,  but  may  have 
an  intelligent  comprehension  of  the  object  of  the  instructions  of  the 
manager  of  the  mine,  which  it  falls  to  him  to  carry  out.  As  mines 
become  more  extensive  and  machinery  more  general,  as  new  motive 
forces,  such  as  electricity,  are  brought  into  requisition,  or  new  sub- 
stances, such  as  safety-explosives,  are  used,  it  becomes  most  important 
that  the  under-manager,  the  deputy,  or  whatever  else  he  may  be,  should 
know  something  of  the  principles  on  which  the  action  of  his  appliances 
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depends,  for  so  only  can  reasonable  economy  and  safety  be  assured. 
Such  men  should  have,  as  a  matter  of  course,  a  far  more  thorough  course 
of  instruction  than  they  have  hitherto  had,  and  managers  should  insist 
ou  candidates  for  positions  of  responsibility  passing  through  an  adequate 
course  of  instruction. 

But  time  will  not  permit  of  my  dealing  very  fully  with  the  technical 
education  of  colliery  officials,  as  I  wish  to  devote  myself  more  particu- 
larly to  that  of  mining  engineers,  and  the  superior  class  of  colliery 
managers. 

Mining  students  in  this  country  do  not  usually  receive  a  satisfactory 
technical  education.  As  a  rule,  they  go  through  the  ordinary  middle 
class  school-course  (which  frequently  now  professes  to  give  a  certain 
amount  of  instruction  in  scientific  subjects,  but  in  the  majority  of  cases 
such  instruction  is  of  no  practical  value  whatever).  When  the  boy  leaves 
school  he  is  usually  articled  to  a  mining  engineer,  who  probably  under- 
takes, under  the  articles  of  apprenticeship,  to  teach  him  the  "  business 
and  calling  of  a  mining  engineer  and  colliery  manager."  The  way  in 
which  this  promise  is  redeemed  varies  according  to  the  character  and  dis- 
position of  the  two  parties  to  the  bargain ;  but  it  is  not,  and  cannot  be, 
an  altogether  satisfactory  system.  The  mining  engineer  probably  has  his 
hands  very  full,  and  the  spare  time  which  he  may  have  in  an  evening  is 
only  given  to  instructing  his  pupils  at  very  great  self-sacrifice  and  under 
great  difficulties.  Besides,  not  one  man  in  twenty  is  gifted  as  a  teacher, 
and  when  a  man  in  middle  life  feels  that  in  some  respects  his  own 
knowledge  is  a  little  rusty,  he  shrinks  from  entering  on  a  course  of 
lessons  which  might  occasionally  land  him  in  an  embarrassing  diffi- 
culty with  a  pupil  fresh  from  school.  As  a  result,  the  apprenticeship 
resolves  itself  into  an  opportunity  for  a  pupil  to  spend  a  certain  number 
of  years  about  a  colliery  and  pick  up  what  he  can.  The  men  with  whom 
the  learner  is  habitually  thrown  are  the  officials,  frequently  men  of  but 
little  education,  who,  though  practically  acquainted  with  the  daily  round 
of  pit-work,  are  apt  to  be  prejudiced  and  possessed  of  erroneous  notions 
about  many  things,  so  that  the  student  may  get  quite  as  many  wrong 
notions  as  right  ones.  As  time  goes  on  he  obtains  perhaps  a  subordinate 
post,  and  eventually  something  of  a  more  responsible  kind  ;  but  his 
training  has  been  on  no  enlightened  basis,  and  he  lives  merely  to  carry 
on  the  traditions  and  customs  which  have  been  handed  down  in  the 
colliery  or  neighbourhood  where  he  has  served  his  time. 

An  apprenticeship  in  the  office  of  a  consulting  mining  engineer  is  not 
much  better,  and  is  rather  apt  to  foster  in  the  student  a  disposition  to 
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cocksureness  and  to  consider  himself  a  superior  person,  a  character  to 
which  he  can  lay  no  claim.  Now,  both' these  trainings  are  invaluable  in 
their  place,  but  they  are  only  parts  of  a  thorough  course  of  education, 
and  not  a  complete  course  in  themselves. 

The  art  of  colliery  management  may  be  summed  up  under  these  three 
heads  : — (a)  To  work  your  pit  safely ;  (b)  to  work  your  pit  economically; 
and  (c)  to  make  the  very  best  of  the  article  you  produce. 

To  do  each  of  these  things  as  well  as  they  can  be  done  involves  a  very 
considerable  amount  of  scientific  knowledge,  but  it  is  particularly  in  the 
last  that  the  pecuniary  reward  of  special  knowledge  is  to  be  reaped.  To 
secure  the  first,  the  Government  has  organized  and  has  enacted  legislation  ; 
the  second  is  always  being  pursued,  sometimes  more,  sometimes  less 
intelligently  ;  as  to  the  third,  the  general  ignorance  and  supineness  are 
astonishing  and  deplorable. 

In  the  old  days,  our  forefathers  left  two-thirds  of  the  coal  in  the  earth 
to  support  the  roof  ;  in  these  days,  we  make  of  two-thirds  of  the  output 
of  our  mines  a  second  or  third-rate  article.  "We  understand  something  of 
the  art  of  cheapening  production  ;  we  have  much  to  learn  of  the  art  of 
making  the  most  of  the  coal  when  it  is  produced. 

I  am  not  for  a  moment  contending  that  a  colliery  manager  must  be 
an  "  admirable  Crichton,"  and  combine  in  himself  the  expert  knowledge 
of  all  the  sciences ;  but  I  do  maintain  that  he  should  know  enough  of  these 
to  be  able  to  form  an  intelligent  opinion  on  the  various  problems  which 
are  connected  with  his  calling,  and  be  able  to  judge  in  what  direction 
success  is  likely  to  be  obtained,  even  if  he  has  to  fall  back  on  an  expert 
in  some  branch  of  science  to  work  out  the  solution. 

The  subjects  in  which  a  mining  student  should  be  trained  may  be 
summarized  as  follows  : — (1)  The  art  and  practice  of  mining  ;  (2) 
physics  (mechanics,  pneumatics,  hydrostatics,  electricity,  heat,  etc.)  ; 
(3)  chemistry  (the  elements  of  inorganic  chemistry  and  the  organic 
hydrocarbons);  (4)  geology  (physiological  and  lithological);  (5)  machine 
construction  and  drawing,  steam,  and  the  steam-engine ;  (6)  electrical 
engineering  ;  (7)  surveying  ;  and  (8)  mining  jurisprudence.  And  in 
each  of  these  respects  he  should  have  a  thorough,  not  a  superficial, 
grounding. 

I  need  not  stop  to  remind  you  of  the  enormous  development  in  the  use 
of  machinery  in  connexion  with  mining  operations,  and  the  great  strides 
which  have  been  made  in  the  economical  use  of  steam  and  the  saving  of 
fuel,  which  is,  in  these  hard  times,  of  great  importance,  even  at  collieries. 
Seven  per  cent,  of  the  output  used  to  be  considered  a  reasonable  quantity 
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of  fuel  to  be  consumed  at  a  colliery  for  steam-raising,  but  there  are 
collieries  to-day  which  obtain  all  their  steam  from  the  utilization  of  waste- 
gases  from  coke-ovens,  and  compound  and  condensing  engines  are  being 
more  generally  used.  Then,  in  electricity  we  have  a  new  power,  which  is 
certain  to  be  of  enormous  importance  in  the  mining  of  the  future  ;  but 
it  is  a  power  which  ought  never  to  be  used  without  a  thorough  knowledge 
of  its  principles  and  action,  for  its  ignorant  use  underground  is  un- 
doubtedly fraught  with  very  great  danger.  These  are  typical  cases  of 
practical  subjects  with  which  every  colliery  manager  ought  to  be 
thoroughly  conversant  ;  so  instructed,  indeed,  that  he  will  not  be  in 
the  hands  of  the  engine-builder  or  electrical  engineer,  but  will  himself 
possess  clear  and  correct  ideas  of  what  the  design  and  construction  of  the 
machinery  should  be,  which  he  proposes  to  employ  to  accomplish  any 
given  object  in  the  most  satisfactory  and  most  economical  manner. 

A  knowledge  of  the  elements  of  physics  is  perhaps,  of  all  branches  of 
science,  the  most  essential,  for  it  enters  into  every  department  of  a  colliery 
manager's  work. 

2.  Our  Present  Educational  Facilities. 

As  I  am  addressing  only  members  of  the  Midland  Institute  of  Mining, 
Civil,  and  Mechanical  Engineers,  I  confine  myself  to  mentioning  those 
colleges  providing  a  mining  course  which  would  be  likely  to  be  made  use 
of  by  students  within  the  Midland  district.  There  are,  of  course,  other 
colleges  in  various  parts  of  Great  Britain  where  technical  mining  instruc- 
tion is  given,  but  it  would  swell  the  bulk  of  this  address  too  much  to 
attempt  to  deal  with  all  of  them. 

(1)  The  Royal  School  op  Mines,  which  now  forms  part  of  the 
Royal  College  of  Science,  London,  is  intended  to  give  students  a  thorough 
training  in  the  general  principles  of  science,  followed  by  advanced  instruc- 
tion in  mining  and  metallurgy. 

The  course  lasts  three  years,  and  the  fees  amount  to  about  £75.  The 
laboratories  are  magnificent,  and  laboratory  work  constitutes  a  leading 
feature  in  the  course  of  instruction.  Hitherto,  however,  the  Royal 
School  of  Mines  has  devoted  its  teaching  more  to  the  department  of 
metalliferous  than  to  that  of  coal-mining  ;  and  probably,  unless  there 
should  hereafter  be  a  considerable  development  of  coal-mining  in  Kent, 
it  will  continue  to  be  of  little  value,  so  far  as  the  northern  coal-fields 
are  concerned. 
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(2)  The  Durham  College  of  Science,  Newcastle-upon-Tyne, 
offers  a  somewhat  complete  course.  It  requires  the  attendance  of  the 
student  at  least  three  days  a  week,*  and  the  programme  is  as  follows: — 

First  Year. — Mathematics,  chemistry,  physics,  mechanical  drawing, 
and  chemical  and  physical  laboratories.  Second  Year. — Geology  (with 
field  work),  junior  engineering,  mineralogy,  mechanical  drawing  (ad- 
vanced), technical  electricity  and  electrical  laboratory,  and  metallurgical 
laboratory  (for  assaying  of  ores  and  fuels).  Third  Year. — Mining, 
metallurgy,  dressing  of  minerals  (for  metal-mining  certificate),  elementary 
organic  chemistry  (for  coal-mining  certificate),  and  mine-surveying. 

Here,  certainly,  is  a  very  excellent  programme,  but  it  is  so  extensive 
that  I  venture  to  doubt  if  three  days  a  week  are  sufficient  to  cover  so 
much  ground,  unless  two  other  days  are  devoted  to  laboratory  work. 
The  theory  and  practice  of  mining  occupies  two  hours  a  week  ;  mine- 
surveying,  three  hours  ;  the  engineering  class,  four  hours  a  week  ;  and 
mechanical  drawing,  two  afternoons  in  the  week. 

We  have  in  the  county  of  Yorkshire  two  technical  colleges  which  give 
instruction  in  mining,  the  Yorkshire  College,  Leeds,  and  the  Firth 
College,  Sheffield.  Both  are  anxious  to  promote  mining  instruction  ;  but 
as  yet  the  encouragement  that  they  have  received  has  not  been  enough  to 
justify  them  in  providing  more  than  a  provisional  programme  in  this 
particular  department. 

(3)  The  Yorkshire  College,  Leeds. — The  coal-mining  course 
occupies  two  years,  and  includes  courses  of  lectures  on  mining  engineering, 
chemistry,  and  geology.  The  first  year  course  includes  one  lecture  a 
week  during  the  first  term  on  the  chemistry  of  coal-mining,  and  another 
on  the  geology  of  coal -mining.  During  the  second  and  third  terms 
there  is  a  longer  lecture  once  a  week  on  the  theory  and  practice  of  coal- 
mining, mining  engineering,  and  colliery  management.  The  second 
year  course  is  entirely  devoted  to  mining  engineering,  and  there  is  a 
course  of  ten  to  twenty  lessons  in  surveying. 

Although  not  organized  as  part  of  the  recognized  coal-mining  course, 
it  would  certainly  be  possible  for  students,  devoting  their  whole  time  to 
attendance  at  the  lectures  at  the  Yorkshire  College,  to  take  a  course  very 
nearly  corresponding  to  that  already  quoted  at  The  Durham  College  of 
Science.  But,  to  the  best  of  my  belief,  mining  students  do  not  avail 
themselves  of  the  classes  outside  the  special  mining  course,  and  what  real 
educational  benefit  is  to  be  expected  from  two  hours'  instruction  a  week  ? 

*  See  Prof.  H.  Louis'  remarks,  Trails.  Fed.  List.,  vol.  xii.,  page  162. 
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No  doubt  it  does  give  the  student  some  insight  into  the  rationale  of 
mining  methods,  but  as  to  educating  him  in  the  sense  in  which  foreigners 
understand  the  term,  it  is  a  mere  delusion. 

(4)  Firth  College,  Sheffield. — The  mining  instruction  given  at 
this  college  is  divided  into  two  sections  : — (1)  An  advanced  course  ;  (2) 
an  elementary  course.  The  advanced  course  is  intended  to  give  scientific 
instruction  to  articled  pupils,  who  are  unable  to  devote  more  than  two 
days  in  the  week  to  attendance  at  the  college.  The  course  extends  over 
three  years.  Where,  however,  students  can  devote  their  whole  time  to 
attendance  at  the  college,  additional  lectures  and  laboratory  work  can  be 
arranged  for  in  connexion  with  the  regular  college  classes.  The  subjects 
of  instruction  are  as  follows  : — 

First  Year. — Mathematics,  mechanics,  chemistry,  chemical  laboratory, 
steam,  geology,  and  engineering  drawing  and  design.  Second  Year. — 
Mathematics,  mechanics,  chemistry  in  its  special  application  to  coal- 
mining, engineering,  engineering  laboratory,  electricity,  physical  labora- 
tory, and  principles  of  mining.  Third  Year. — Mathematics,  elements  of 
civil  engineering,  steam,  electrical  engineering,  engineering  laboratory, 
mine-surveying,  and  mining.  In  addition,  it  is  intended  to  commence  a 
course  on  metalliferous  mining,  with  instruction  in  assaying. 

The  elementary  course  is  spread  over  two  years,  and  is  intended  for 
colliery  officials  who  are  unable,  by  reason  of  their  employment,  to  attend 
classes  at  the  college  during  the  week.  The  classes  are  held  during  four 
hours  on  Saturday  afternoons,  and  at  the  end  of  the  course  certificates  are 
presented  to  those  who  have  satisfactorily  passed  the  examinations  in  all 
the  courses  of  instruction.     Instruction  is  given  in  : — 

First  Year. — Mechanical  drawing  (2  hours),  practical  mining 
(1  hour),  chemistry,  ten  lectures  (1  hour),  and  mechanics,  twelve  lectures 
(1  hour).  Second  Year. — Mine-surveying  (2  hours),  practical  mining 
(1  hour),  and  steam  and  steam-engine  (1  hour). 

Practically  the  same  courses  are  given  under  the  joint  auspices  of  the 
Yorkshire  and  Firth  Colleges  at  Barnsley,  and  by  the  Firth  College  at  Derby. 

Local  Popular  Lectures. — These  lectures  consist  of  popular  courses 
given  in  the  mining  villages  of  the  West  Riding  during  the  winter 
months  (October  to  March),  by  special  lecturers  from  the  Yorkshire  and 
Firth  Colleges.  Fifteen  courses  are  given  each  year,  viz.  :— Five  by  the 
Yorkshire  College,  Leeds,  and  ten  by  the  Firth  College,  Sheffield.  The 
courses  given  by  the  Yorkshire  College  consist  of  twelve  lectures  each, 
comprising  three  lectures  on  the  chemistry,  and  three  on  the  geology  of 
coal-mining,  with  six   lectures  on   the  theory  and  practice  of  mining. 
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The  lectures  undertaken  by  the  Firth  College  consist  of  five  courses,  of 
eleven  lectures  each,  on  practical  mining,  and  five,  of  ten  lectures  each,  in 
which  either  the  chemistry  of  the  mine  gases  or  the  elementary  applied 
mechanics  are  taken. 

In  the  past  the  object  aimed  at  in  these  lectures  has  been  to 
arouse  among  the  mining  population  an  interest  in  elementary  scientific 
knowledge  in  connexion  with  them,  and  with  this  view  the  endeavour 
has  been  made  to  attract  large  numbers ;  in  future  it  is  hoped  that  the 
classes  will  be  (though  possibly  smaller)  composed  of  students  who  are 
prepared  regularly  and  diligently  to  pursue  the  course  of  study,  and 
present  themselves  for  examination  at  the  conclusion  of  the  courses. 

The  West  Hiding  County  Council  provide  the  funds  for  the  elementary 
and  local  lectures  in  their  division  of  Yorkshire,  and  the  Derbyshire 
County  Council  do  the  same  in  that  county. 

3.  Facilities  in  Foreign  Countries. 
France. 

The  countries  nearest  to  us,  and  with  which  we  are  most  directly  in 
competition,  are  France,  Belgium,  and  Germany,  and  in  giving  some 
account  of  the  systems  of  technical  education  provided  in  these  countries, 
we  shall  have  an  example  of  each  of  three  systems  pursuing  lines  some- 
what dissimilar  from  each  other  in  detail,  but  which  all  differ  very 
markedly  from  the  mining  technical  instruction  given  in  this  country, 
both  in  the  subjects  on  which  greatest  stress  is  laid,  and  in  the  length  of 
time  which  is  devoted  to  their  study.  It  would  seem  that  in  Belgium,  an 
extraordinary  value  is  assigned  to  the  acquisition  of  a  very  thorough 
general  scientific  foundation,  particularly  in  the  branch  of  mathematics, 
which  is  carried  to  a  high  point.  In  France,  great  importance  is  also 
assigned  to  mathematics,  but  great  stress  also  is  laid  on  the  various 
branches  of  physics.  In  Germany,  the  instruction  is  of  a  singularly 
practical  description,  and  accords  more  with  my  own  ideas  of  what  it  is 
desirable  that  we  should  strive  to  imitate. 

I  am  aware  that  Prof.  Merivale  has  in  a  previous  paper  (read  before 
the  North  of  England  Institute  of  Mining  and  Mechanical  Engineers)* 
reviewed  the  work  which  is  being  done  all  over  the  world  in  the  direction 
of  technical  mining  education,  but  in  endeavouring  to  cover  the  whole 
field  he  has  necessarily  been  unable  to  fully  deal  with  the  particular 
points  which  I  wish  to  bring  under  your  special  notice  on  the  present 
occasion. 

*  Trans.  Fed.  Inst.,  vol.  v.,  page  623. 
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National  School  of  Mines,  Paris. — The  National  School  of  Mines 
is  placed  under  the  control  of  the  Ministry  of  Public  Works,  and  its 
object  is  to  train  engineers  for  the  Government  service  ;  also  to  give 
instruction  to  students  desirous  of  obtaining  the  diploma  of  ingenieur 
civil  des  mines,  and  to  become  engineers  and  managers  of  mines,  metal- 
lurgical works,  railways,  and  chemical  factories.  Engineer  students 
(eTeves  ingenieurs)  are  taken  exclusively  from  amongst  the  highest  pupils 
of  the  Polytechnic,  and  are  nominated  by  the  Minister.  Day  students 
are  admitted  by  competition,  the  examination  being  conducted  by  a 
special  commission. 

The  special  course  lasts  three  years.  Preparatory  courses  lasting  one 
year  have  been  arranged,  to  allow  of  young  men  who  have  not  passed 
through  the  Polytechnic  acquiring  the  special  instruction.  The  pre- 
paratory course  includes  : — (1)  Geometrical  analysis,  and  descriptive 
geometry,  with  its  applications ;  (2)  mechanics  ;  (3)  physics,  thermo- 
dynamics, electricity,  etc. ;  and  (4)  chemistry  (particularly  of  the  metals ). 

The  system  of  instruction  comprises  practical  mining,  metallurgy, 
analytic  mineral  chemistry,  industrial  chemistry,  mineralogy,  paleon- 
tology, geology,  applied  geology,  machine  construction,  electricity, 
political  economy  (industrial),  mining  legislation,  and  German  and  English 
languages.  The  practical  work  consists  of : — Chemical  research  (and 
specially  analysis  of  minerals  and  metallurgical  products)  work  in 
mineralogy  and  petrology,  the  laying  out  of  works  and  mining  opera- 
tions, the  winning  and  working  of  mines,  machine  design,  and  plan 
making. 

At  the  termination  of  each  year  excursions  are  arranged  into  the 
mining  districts. 

Students  who  do  not  obtain  55  per  cent,  of  the  possible  marks  at  the 
examination  which  takes  place  at  the  end  of  each  year  are  dismissed.  At 
the  end  of  the  course  students  who  have  obtained  not  less  than  65  per 
cent,  of  the  possible  marks  obtainable  during  the  three  years  obtain  the 
diploma  of  ingenieur  civil  des  mines. 

The  School  of  Mines,  St.  Etienne,  is  also  under  the  direction 
of  the  Ministry  of  Public  Works.  It  is  intended  for  the  training  of 
engineers  and  managers  of  collieries  and  metallurgical  works.  Foreign 
pupils  are  received.  The  instruction  is  free,  but  students  are  required  to 
provide  themselves  with  the  necessary  books  and  instruments. 

The  course  extends  over  three  years,  and  is  specially  directed  to  the 
working  and  treating  of  minerals.     With  this  view  it  gives  instruction  in 
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the  winning  and  working  of  mines,  applied  mechanics  and  machine  con- 
struction, and  railway  technology,  applied  electricity,  metallurgy,  mineral 
analysis,  mineralogy,  geology,  legislation,  and  political  economy. 

The  college  work  includes  work  in  the  laboratory,  design  (in  line  and 
colour)  of  machines  and  metallurgical  apparatus,  schemes  for  laying  out 
mines,  design  of  machinery,  surveying  above  and  below  ground,  and  visits 
to  mines  and  works. 

The  system  of  instruction  in  the  school  is  divided  into  two  parts — 
instruction  in  the  school  and  the  excursions.  The  excursion  takes  place 
after  each  of  the  two  last  sessions,  and  pupils  are  required  to  send  in 
reports  on  the  mines  and  works  that  they  have  visited. 

Admission  to  the  school  is  obtained  after  competitive  examination  in 
July  of  each  year.  Candidates  are  required  to  pass  in  arithmetic,  algebra, 
geometry,  rectilinear  trigonometry,  analytical  geometry  of  two  and  three 
dimensions,  descriptive  geometry,  physics,  and  chemistry.  Those  who 
obtain  the  highest  number  of  marks  in  the  admission  examination  obtain 
the  vacant  places  in  the  school. 

Foreign  students  are  admitted  on  the  recommendation  of  the 
ambassador  of  their  country,  provided  they  pass  an  examination  showing 
that  they  are  able  to  take  advantage  of  the  course. 

The  Schools  for  Master  Miners,  at  Alais  and  Douai,  are  intended 
for  the  instruction  of  the  subordinate  officials  in  mines. 

At  Alais,  students  pass  six  months  at  the  school,  and  six  months  in  the 
mines.  At  the  school :  November,  December,  February,  June,  and  July ; 
and  in  the  mines  :  March,  April,  May,  August,  September,  and  October. 
Pupils  reside  at  the  school.  The  instruction  is  free,  but  the  cost  of  board 
and  lodging  is  £16  per  annum.  Working  miners  only  are  received  from 
18  years  of  age  and  upwards,  who  have  worked  not  less  than  18  months 
in  a  mine.  Foreign  students  may  be  admitted  at  the  discretion  of  the 
Ministry  of  Public  Works.  Admission  to  the  school  is  obtained  after 
competitive  examination.  Diplomas  and  certificates  are  issued  at  the  end 
of  the  course  to  students  who  obtain  65  per  cent,  and  55  per  cent,  respec- 
tively of  the  possible  marks.     The  course  lasts  two  years. 

At  Douai,  the  students  are  admitted  at  16  years  of  age.  They  must 
have  worked  in  a  mine  one  year,  or  longer  for  older  workmen.  Here,  also, 
the  students  are  boarded.  The  instruction  extends  over  two  years.  It 
includes : — (1)  Reading,  writing,  and  orthography  ;  (2)  elementary 
mathematics  ;  (3)  machine  design,  planning,  and  surveying ;  (4)  element- 
ary physics,  chemistry,  mineralogy,  geology,  and  practical  mining.     These 
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subjects  are  treated  in  a  simple  way  so  as  to  be  suited  to  working  men. 
In  the  intervals  of  instruction  the  students  learn  practical  smith-work 
and  fitting-work  as  practised  at  collieries.  At  certain  times  every  year  the 
lessons  are  suspended,  and  the  pupils  are  sent  to  work  in  the  mines,  where 
explanations  are  given  them  by  the  managers,  deputies,  and  foremen. 
At  the  end  of  the  course  they  are  examined,  and  diplomas  and  certifi- 
cates are  awarded  according  to  merit. 

It  should  be  observed  that  in  all  cases  students  in  France  devote  the 
whole  of  their  time  to  college  training  for  three  years  in  the  superior 
grade,  and  for  two  years  in  the  lower  grade.  There  is  nothing  analogous 
to  our  once-a-week  lectures  during  the  winter  months.  The  education 
obtained  must  necessarily  be  of  an  altogether  different  character  from 
that  which  we  try  to  give,  if,  indeed,  we  can  seriously  regard  our  technical 
mining  lectures  as  an  educational  system  at  all. 

Belgium. 

Mining  being  the  most  important  of  the  Belgian  industries,  we  should 
expect  that  special  attention  would  be  given  to  it  by  the  government, 
and  we  find  that  this  is  the  case.  The  chief  school  of  mines  is  that 
at  Liege,  but  there  is  also  a  mining  department  in  the  University  of 
Brussels,  and  a  special  School  of  Mines  at  Mons,  besides  numerous 
practical  schools  throughout  the  country  for  the  education  of  the  official 
class. 

Liege. — The  institution  at  the  University  of  Liege  of  a  course  of 
instruction  intended  for  students  wishing  to  enter  the  service  of  the 
state,  or  to  undertake  the  management  of  mines,  dates  from  1825,  but 
a  few  years  ago  it  was  entirely  reorganized.  A  special  department  of 
Arts  and  Manufactures  and  of  Mines  has  been  created,  with  the  power 
of  granting  degrees.  These  degrees  comprise  the  superior  one  of  ingenieiir 
civil  des  mines,  an  inferior  degree  of  candidat,  and  certificates  of  capacity 
for  those  students  who  do  not  aspire  to  the  higher  grades. 

Candidates  for  the  degree  of  ingenievr  civil  des  mines  have,  before 
admission  to  the  School  of  Mines  at  Liege,  to  pass  an  examination 
before  a  board,  composed  of  the  professors  of  the  university,  in  languages, 
history,  and  geography,  and  the  various  branches  of  mathematics.  It 
does  not  include  any  examination  in  practical  mining,  and  the  largest 
number  of  marks  are  assigned  to  languages,  but  a  very  considerable 
knowledge  of  mathematics  is  necessary  even  for  this  preliminary 
examination. 
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The  course  prescribed  lasts  three  years,  and  at  the  end  of  each  year 
there  is  an  examination  which  deals  with  a  different  series  of  subjects. 
That  of  the  first  year  comprises: — Applied  mechanics,  machine  con- 
struction, industrial  physics,  analytical  chemistry,  and  especially  the 
analysis  of  mineral  substances,  and  mineralogy  and  the  elements  of 
palaeontology.  The  second  year's  examination  deals  with  : — The  con- 
struction and  application  of  machines,  industrial  chemistry,  geology, 
practical  mining,  metallurgy,  and  industrial  architecture.  The  third 
year's  examination  includes : — Surveying,  railway  construction,  electricity 
and  its  industrial  applications,  practical  mining  (advanced),  metallurgy 
(advanced),  industrial  architecture  (advanced),  commercial  and  industrial 
geography,  political  economy,  and  mining  jurisprudence.  For  the  lower 
degrees  the  subjects  are  somewhat  similar,  but,  naturally,  are  not  so 
advanced. 

Hainault  School  of  Mines,  Mons.— This  school,  situated  in  the 
midst  of  the  great  coal-field  of  Southern  Belgium,  was  founded  in  1837 
by  the  provincial  council.  In  the  introductory  preface  to  the  pro- 
spectus of  this  school  the  following  interesting  passages  occur : — 

At  that  period  (1837),  the  greater  part  of  the  industrial  enterprises  of  our  country 
were  directed  by  men  often  very  intelligent,  but  who  had  only  received  a  purely 
practical  knowledge  of  their  business,  and  who  could  not  bring  to  bear  an 
enlightened  judgment  as  to  the  value  of  the  improvements  of  which  the  various 
industrial  processes  were  susceptible  as  human  knowledge  advanced  and  improved 
methods  in  the  processes  of  production  were  introduced. 

The  ease  with  which  all  the  young  people  who  have  left  our  school  have 
obtained  situations  in  our  great  industries  has  given  the  most  positive  proof 
that  the  provincial  council  of  Hainault  have  satisfied  a  real  and  pressing  need  in 
establishing  this  school,  and  no  effort  has  been  spared  to  render  the  instruction  of 
the  young  people  attending  the  course  as  complete  as  possible. 

Thus  it  is  that  the  instruction,  which  was  at  first  for  two  years,  was  extended 
first  to  three,  and  afterwards  to  four  years,  in  order  that  the  new  developments  of 
industrial  science  might  be  adequately  studied.  The  necessity  of  scientific  prepara- 
tion for  every  one  who  wishes  to  devote  himself  to  industrial  operations  is  now 
sufficiently  demonstrated  ;  indeed,  it  is  needless  to  insist  on  the  absolute  necessity 
of  this  condition.  Latterly,  the  number  of  foreign  students,  French,  German, 
Russian,  Polish,  etc.,  who  have  followed,  and  who  still  follow,  the  course  of  this 
establishment,  proves  that  its  reputation  has  extended  far,  and  that  its  services 
rendered  to  young  people  who  have  studied  here  are  appreciated  in  other  countries 
than  Belgium. 

It  is  noticeable  that  among  the  enumeration  of  foreign  countries, 
Great  Britain  does  not  appear,  an  evidence  of  how  completely  we  are  out 
of  harmony  with  opinions  prevalent  as  to  mining  training  on  the 
Continent. 
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The  following  table  will  best  give  an  idea  of  the  course  of  study  at 
the  Mons  School  of  Mines  : — 


In  addition  to  those  above  described,  there  are  numerous  schools  of 
lower  grade  for  the  instruction  of  colliery  officials. 

Germany. 

Mining  schools  in  Germany  have  existed  for  several  centuries,  but  the 
present  system  of  education  given  in  the  mining  district  of  Dortmund 
dates  from  1861.  In  that  locality  there  exists  a  fund  called  the  Week- 
phalian  Mining  Fund,  which  originally  had  as  its  object  the  relief  of  the 
relatives  of  those  who  were  incapacitated  or  lost  their  lives  from 
accidents  in  mines,  but  which  is  now  to  a  considerable  extent  available 
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for  other  purposes.  It  amounts  at  the  present  time  to  about  £5,000  a 
year,  but  as  this  would  be  insufficient  in  itself  to  carry  on  the  thorough 
system  of  instruction  which  is  now  provided,  it  is  supplemented  by 
contributions  from  all  the  collieries  in  the  district  by  a  voluntary  rate  of 
0*2  pfennig  per  ton  on  coal  raised.  This  is  only  0'024d.,  but  it  produces 
about  £4,000  a  year,  and  contributions  from  other  sources  bring  up  the 
amount  available  for  the  purposes  of  the  fund  to  £12,500  a  year. 

Instruction  is  given  in  two  ways,  as  in  our  own  district.  In  each  of 
the  important  mining  towns  there  are  evening  classes  open  to  all  miners 
free  of  charge ;  where,  following  up  the  excellent  elementary  education 
given  in  the  schools,  young  men  of  the  age  of  18*  are  passed  through  a 
two  years'  course,  which  includes  arithmetic,  drawing,  practical  mining, 
mining  law,  and  other  kindred  subjects.  When  a  student  enters  for 
these  classes,  he  is  bound  to  attend  them  regularly  and  for  five  nights  in 
the  week.  The  number  under  instruction  during  the  present  year  (1896) 
in  these  classes  is  about  460.  It  is  evident  that  the  work  done  is  of  an 
entirely  different  kind  from  the  popular  lectures  which  are  given  in  certain 
mining  centres  in  South  Yorkshire  one  evening  in  the  week,  and  where 
the  attendance  of  the  greater  number  of  the  learners  is  very  irregular. 

Mining  School,  Bochum. —  The  most  important  work,  however, 
which  the  Westphalian  Mining  Fund  conducts  is  the  Mining  School  at 
Bochum.  In  the  present  buildings  (which  are  about  to  be  superseded  by 
a  handsome  new  college)  there  is  only  room  for  300  students,  but  when 
the  new  buildings  are  completed  this  number  will  be  greatly  increased. 
The  object  aimed  at  in  this  school  is  not  the  training  of  the  higher  class 
of  mining  engineers,  and  those  who  will  have  the  general  management  of 
large  concerns,  but  that  of  those  who  are  candidates  for  subordinate 
positions;  particularly  under-managers,  overmen,  deputies,  and  engine- 
wrights  ;  although  provision  is  also  made  for  the  education  of  the  class 
which  would  correspond  to  our  certificated  managers.  Of  the  higher 
education  which  is  necessary  for  employment  under  government  I  shall 
speak  presently. 

The  school  includes  lecture-rooms,  a  fine  geological  museum,  a  chemical 
laboratory,  and  a  museum  of  models  as  well  as  special  rooms  for  drawing 
and  surveying  classes.  The  staff  of  professors  includes  : —  The  principal, 
professors  of  mining,  of  chemistry,  of  geology,  of  mathematics,  and  of 
physical  science  ;  and  teachers  of  surveying,  of  machine-construction, 
and  of  drawing. 

*  It  is  a  condition  that  candidates  for  these  classes  must  have  worked  for  two 
years  in  or  about  a  mine. 
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The  work  is  divided  into  three  branches  : —  (1)  a  lower  class  ;  (2)  an 
upper  class  ;  and  (3)  a  surveyors'  class.  The  lower  class  consists  of 
persons  who  have  already  served  four  years  in  a  mine,  and  who  have  for 
the  most  part  completed  their  term  of  military  service,  and  who 
have  resumed  their  duties  at  the  collieries.  The  hours  of  instruction  are 
so  arranged  that  men  can  attend  the  morning  classes  when  their  work  is 
on  the  afternoon  shift,  and  the  afternoon  classes  when  they  are  on  the 
morning  shift.  Thus  the  morning  class  begins  at  7'30  a.m.  and  goes  on 
till  11  a.m.  ;  the  afternoon  class  begins  at  4*15  p.m.  and  goes  on  till 
7*45  p.m.  The  total  number  of  hours  which  a  student  in  the  lower  class 
must  attend  at  the  school  is  24  per  week,  and  the  course  lasts  for  two 
years,  with  the  exception  of  twelve  weeks'  holiday  in  each  year.  In  the 
upper  class,  the  numbers  are  smaller,  and  the  students  are  men  who  have 
either  passed  through  the  lower  class,  or  have  given  evidence  of 
educational  qualifications  which  enable  them  to  take  up  this  work,  which 
is  more  advanced  than  in  the  lower  class.  They  devote  their  whole  time 
to  the  school  (36  hours  a  week)  and  the  course  lasts  for  a  year.  There  is 
also  a  special  year's  course  for  instruction  in  surveying. 

The  subjects  taught  in  the  lower  class  are  as  follows  : — Drawing,  plan- 
making,  and  mechanical  drawing  ;  mathematics ;  mechanics  and  machine- 
construction  ;  surveying  ;  practice  of  mining  ;  mineralogy  aud  geology  ; 
physics  and  chemistry;  mining  law ;  and  book-keeping. 

The  time-table  on  the  following  pages  will  afford  an  idea  of  the  course 
of  study  at  the  Bochum  Mining  School. 

It  is  needless  to  say  that  the  students  who  have  passed  through  a  two 
years'  course  of  instruction  at  the  Bochum  Mining  School — and  who  are, 
it  must  be  remembered,  working  men — leave  it  with  a  very  thorough 
mining  education ;  a  better  education,  probably,  than  is  possessed  by  many 
young  Englishmen  who  have  had  the  advantage  of  a  public  school  educa- 
tion, and  who  have  been  articled  pupils.  But  these  men  look  no  higher 
than  the  subordinate  positions  in  the  collieries.  Where,  however,  the 
subordinate  officers  of  a  mine  are  men  of  this  stamp,  it  is  evident  that 
the  whole  of  the  operations  must  be  conducted  with  an  intelligence  and 
knowledge  which  are  wanting  in  men  who  have  not  had  such  educational 
advantages. 

Such  being  the  educational  equipment  required  for  the  subordinate 
positions  in  collieries,  it  may  be  supposed  that  a  high  standard  is  pre- 
scribed for  those  who  are  to  occupy  the  highest  and  most  responsible 
posts,  whether  as  servants  of  the  state  in  the  capacity  of  inspectors  or 
managers  of  the  state  mines,  or  in  private  employment  as  the  general 
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managers  or  chief  engineers  of  important  collieries.  The  government 
officials  are  numerous,  and  the  state  possesses  collieries  of  its  own,  but  it 
seems  to  be  the  general  custom  for  young  men  who  desire  to  reach  the 
higher  rank  of  mining  engineers  to  qualify  by  passing  through  the 
routine  prescribed  by  the  state,  even  if  they  do  not  intend  eventually  to 
take  any  public  post. 

The  course  pursued  is  as  follows  : — A  youth  possessed  of  a  certificate 
that  he  has  passed  the  final  examination  at  a  higher  state  school  makes 
application  at  one  of  the  head  mining-offices  (ober-bergamt)  for  enrol- 
ment as  a  candidate  for  state  employment  in  the  mining  department. 
Besides  his  school  certificate,  he  must  present  a  medical  certificate  of 
health,  and  testimony  as  to  good  character.  If  accepted,  his  technical 
education  is  taken  in  hand  by  the  state,  and  he  is  henceforward  under 
the  direction  of  the  ober-bergamt.  He  is  called  a  mining  student 
(bergbaubefiissener).  His  training  consists  of  :— The  practical  course  ; 
the  academic  course  ;  and  the  technical  and  business  preparation. 

(1)  Practical  Course. — The  first  year  is  devoted  to  becoming  practi- 
cally skilled  in  mining  handicrafts.  And  here,  we  may  notice,  that 
in  Germany  a  high  value  is  attached  to  practical  knowledge.  The 
following  extract  from  a  ministerial  circular  proves  this :  the  minister 
writes  : — "  The  one-year  course  (lehrzeit),  when  properly  utilized,  should 
give  the  mining  student  such  practical  experience  as  will  fit  him  for 
pursning  his  academic  course  with  profit,"  and  he  adds :  one  of  the 
inspectors  reports  that  "  the  opportunities  afforded  the  young  people 
are  often  neglected ;  the  actual  practical  work,  acquaintance  with  the 
smaller  appliances  and  arrangements  of  the  mine,  are  reduced  to  a 
minimum,  and  many  students  think  that  they  have  done  more  than 
enough  when  they  have  learnt  how  to  bore  and  charge  a  hole,  or  take 
a  hand  in  the  working-places,  by  way  of  helping  the  collier ;  but  a  regular 
observance  of  the  regular  working  hours  is  considered  out  of  the  question, 
and  many  students  regard  actual  manual  work  as  unnecessary,"  "  In 
such  a  case,"  writes  the  minister,  "  the  oversight  of  the  authorities  is  to 
blame,  and  more  strictness  must  be  observed  in  future." 

Here  we  have  a  very  practical,  not  to  say  a  severe,  interpretation  of 
the  way  in  which  young  men  aiming  eventually  at  occupying  positions 
of  high  responsibility,  and  commanding  the  expenditure  of  large  amounts 
of  capital,  should  lay  the  foundation  of  their  theoretical  knowledge  by 
acquiring  a  thorough  grasp  of  the  actual  manual  operations  which  their 
workpeople  have  to  perform. 

(2)  Academic  Course. — A  three  years'  course  of  university  study  is 
required  for  the   acquisition  of  theoretical  knowledge  in  mathematics, 
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natural  science,  mining  law,  and  political  economy,  as  well  as  in  mining 
engineering.  Of  this  period,  at  least  three  years  must  be  passed  at  an 
university,  and  there  are  certain  universities  where  special  instruction  is 
given  in  these  subjects  to  meet  the  requirements  of  mining  students,  for 
example,  Aachen,  Berlin,  Bonn,  and  the  mining  schools  at  Clausthal 
and  Freiberg.  It  is  not  so  much  required  that  students  should  attend 
lectures  as  that  they  should  qualify  themselves  to  pass  with  credit  the 
special  examinations  which  are  held  every  half-year  in  the  following 
subjects  enumerated  in  the  official  rules : 

A.  Mineralogy  and  geology,  including  petrology  ;  inorganic  chemistry 
and  chemical  analysis  ;  physics  ;  mathematics,  viz.  : — {a)  pure  mathe- 
matics to  analytical  conic  sections,  functions,  etc. ;  (b)  applied  mathe- 
matics, statics,  and  mechanics  of  solid,  liquid,  and  gaseous  bodies  (special 
value  is  set  on  readiness  in  working  out  practical  problems,  the  use  of 
logarithms,  and  practical  geometry) ;  the  elementary  principles  of  law, 
with  special  reference  to  mining  law ;  and  political  economy. 

B.  Mining  engineering,  blast-furnace  practice,  prospecting,  chemical 
technology,  surveying,  and  machine-construction. 

Students  who  pass  the  examination  at  the  close  of  their  studies  at  the 
university  receive  a  certificate  from  the  examination  commission,  which, 
when  presented  at  the  ober-bergamt  of  the  district  in  which  the  student 
is  registered,  entitles  him  to  be  enrolled  as  a  berg-referendarius,  a  term 
for  which  I  can  hardly  suggest  an  English  equivalent  (probationer  ?). 
Students  who  pass  the  examination  with  distinction  may  be  recommended 
by  the  examining  commission  to  the  ministry  of  public  works  for  a 
premium  or  travelling  scholarship.  The  students  who  fail  in  their 
examination  have  a  second  opportunity,  but  if  they  fail  in  the  second 
examination  their  names  are  removed  from  the  list  of  state  candidates. 

(3)  Technical  and  Commercial  Training. — Students  who  have  been 
registered  as  berg-referendarie/i  receive  f  urcher  training,  which  is  divided 
into  a  technical  and  a  commercial  branch.  The  technical  training 
includes  all  the  operations  incidental  to  collieries,  ironworks,  and  salt- 
mines, as  well  as  practical  surveying.  The  commercial  training  com- 
prises the  general  management  of  collieries,  ironworks,  and  salt-mines, 
the  business  transacted  in  the  offices  of  the  inspectors  of  mines,  and  in 
office  work  and  book-keeping,  and  the  special  calculations  required  in 
connexion  with  these  undertakings. 

The  course  extends  over  three  years,  of  which  at  least  nine  months 
must  be  spent  in  the  offices  of  a  colliery,  ironworks,  or  salt-mine,  six 
months  with  an  inspector,  two  months  with  a  chartered  surveyor,  and 
nine  months  at  the  head  mining-office  {ober-bergamt). 
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"When  this  period  is  completed,  a  second  examination  takes  place.  On 
this  occasion  the  berg-referendarivs  has  to  produce: — A  certificate  from 
the  chiefs  under  whom  he  has  been  trained;  a  certificate  from  the  military 
authorities  that  he  has  completed  his  military  service ;  a  list  of  the  prin- 
cipal reports,  memoirs,  or  essays  and  notes  of  travel;  and  in  addition  :  (a) 
original  drawings  of  the  plan  of  a  mine  ;  (b)  section  of  a  mine,  showing 
the  methods  of  winning  the  minerals ;  (c)  a  surface-arrangement  of  a  col- 
liery, ironworks,  or  salt-mine;  and  (d)  a  drawing  of  a  large  engine,  or  the 
mechanical  appliances  at  a  mine.  The  examination  which  follows  is  both 
written  and  viva  voce,  and  consists  partly  of  essays  written  by  the  students, 
on  selected  themes  such  as— a  treatise  on  some  branch  of  political  economy 
or  mining  law;  on  some  technical  mining  subject ;  or  a  report  on  some 
department  of  mine  management. 

The  viva  voce  examination  is  to  be  specially  directed  to  ascertain 
whether  the  candidate  has  acquired  an  intelligent  knowledge  of  the  sub- 
jects which  he  has  been  studying,  and  whether  he  is  able  to  practically 
apply  what  he  has  learnt. 

I  have  dealt  with  this  part  of  my  subject  at  great  length,  but  not,  I 
think,  at  greater  length  than  it  deserves.  I  have  endeavoured  to  bring 
our  as  forcibly  as  I  can  the  essential  difference  between  the  systematic 
instruction  open  to  mining  students  in  France  and  Germany,  and  the 
deplorable  state  of  things  in  this  matter  at  home.  I  now  turn  to  the  last 
section  of  my  subject — 

4.  How  is  our  Mining  Educational  System  to  be  Improved  ? 

(1.)  The  first  thing  that  we  have  got  to  do  is  to  persuade  both 
the  parents  and  the  rising  generation  of  students  that  the  present  sham 
technical  instruction  must  give  place  to  something  more  thorough 
and  far-reaching.  Here  is  our  main  difficulty.  Many  parents  think  that 
they  cannot  afford  to  send  their  sons  to  a  technical  college  for  three 
years,  as  well  as  five  years  to  be  spent  in  probation  in  or  about  a  mine. 
As  to  this,  I  would  point  out  that :  No  young  man  can  now  expect  to 
become  a  colliery  manager  under  twenty-five  years  of  age  ;  if,  therefore, 
he  were  to  begin  his  technical  education  at  seventeen  and  spend  three 
years  at  a  college,  he  would  still  have  five  years  left  to  be  spent  at  the 
colliery.  Better  still  would  it  be  if  the  course  were  taken  thus : — Two 
years  at  a  colliery  ;  three  years  at  a  technical  college ;  two  years  in  a 
colliery  (underground)  ;  and  one  year  at  a  colliery  (in  the  office). 
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A  youth  who  went  through  such  a  trainiug  would  be  certain  to  be 
turned  out  a  thoroughly  competent  man,  capable  of  eventually  filling  the 
highest  posts,  and  it  would  be  a  course  quite  equal  to  those  in  France  and 
Germany. 

(2.)  The  second  thing  is  to  get  the  same  recognition  for  college  train- 
ing from  the  government  in  settling  the  qualifications  for  candidates  for 
colliery  manager's  certificates  as  that  which  obtains  in  France  and 
Germany.  I  feel  sure  that  this  is  a  matter  which  requires  only  to 
be  duly  represented  in  the  proper  quarter  to  be  acted  upon.  The 
present  Home  Secretary  (Sir  Matthew  White  Ridley)  is  well  acquainted 
with  coal-mining  matters,  and  would  receive  any  representations  from 
the  mining  institutes  in  a  sympathetic  spirit.  Our  local  members  of 
parliament  (one  of  whom  has  been  a  large  benefactor  of  the  Sheffield 
Technical  School)  would  certainly  lend  their  assistance. 

(3.)  The  Yorkshire  and  Firth  Colleges  should  -be  asked  to  arrange 
courses  at  least  as  complete  as  those  of  the  Durham  College  of  Science. 
I  feel  sure  that  they  are  ready  and  willing  to  do  this  if  any  pupils 
can  be  induced  to  come.  Mining  engineers  who  have  pupils  might  do 
much  to  start  this  work  by  advising  some  of  their  pupils  to  suspend 
their  pit-work  during  the  college  sessions,  and  devote  their  whole  time 
to  systematic  study. 

(4.)  We  must  enlist  the  county  councils  in  the  work  that  we  want 
to  do.  They  have  been  feeling  their  way  in  this  matter  of  technical 
education.  They  have  been  generous,  and  will  continue  to  be  so  if  only 
they  can  be  satisfied  that  they  are  getting  value  for  the  money  which 
they  grant  for  mining  purposes.  Assuming  for  the  moment  that  only 
the  present  amount  is  available,  the  county  council  would  certainly 
receive  with  every  consideration  recommendations  from  this  Institute 
as  to  how  the  money  could  be  spent  to  the  best  advantage.  When- 
ever it  was  seen  that  more  money  was  necessary  to  the  proper 
carrying  on  of  the  work  it  would  be  forthcoming.  In  this  matter 
of  funds  the  colliery  proprietors  would  also,  no  doubt,  give  a  helping 
hand.  They  are  not  less  patriotic  than  their  confreres  across  the 
water,  and  if  they  saw  a  well-organized  system  of  mining  education 
short  of  funds  they  would  not  be  backward  in  helping  it.  And  in  so 
doing  they  would  feel  they  were  investing  money  to  great  advantage.  As 
I  began  by  saying  our  trade  is  hard  pressed,  our  opponents  are  strong  and 
vigorous,  to  hold  our  own  we  must  neglect  nothing  that  can  aid  us  in  the 
race,  and  in  equipping  our  future  engineers  and  managers  for  the  struggle 
we  shall  be  spending  our  money  in  the  best  possible  way. 
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And  now  I  have  done.  This  address  has  far  exceeded  the  limits  that 
I  proposed  to  myself  when  I  commenced  it.  I  would  gladly  have  made  it 
shorter,  but  I  could  not  do  so  without  omitting  something  worth  con- 
sidering. Let  me  ask  you  to  think  the  matter  out  earnestly.  It  is  a  serious 
question — a  vital  question.  It  is  a  case  of  our  sleeping  while  our 
competitors  are  wide-awake. 

I  think  that  it  is  clearly  the  duty  of  an  institute  such  as  ours  to 
seriously  consider  the  question  in  all  its  bearings  ;  to  set  itself  above 
prejudice  and  custom,  and  to  take,  in  the  interests  of  our  common 
country,  an  enlightened  view  of  the  conditions  under  which  British 
commercial  prosperity  depends.  If  the  general  opinion  of  all  civilized 
peoples  is  opposed  to  ours  on  such  a  subject  as  this,  we  may  well  have 
misgivings  as  to  the  wisdom  of  the  course  which  we  have  hitherto  pursued; 
and  if  we  have  become  convinced  that  a  more  complete  scientific  educa- 
tion is  now  essential  for  our  mining  students,  if  we  are  to  keep  abreast 
of  the  progress  of  the  world,  we  must  sedulously  endeavour  to  promote 
the  changes  which  are  necessary  to  secure  this.  I  believe  the  moment  to 
be  opportune  for  the  successful  prosecution  of  this  work.  The  only  thing 
wanting  is  an  appreciation  of  the  true  state  of  affairs,  and  a  determination 
on  our  part  to  put  mining  education  on  a  sounder  footing.  No  more 
useful  work  can  be  done  by  this  Institute,  and  I  commend  it  to  your 
serious  attention. 


Mr.  C.  H.  Cobbold,  after  thanking  the  President  for  his  address,  said 
that  no  one  could  have  lived  during  the  past  twenty  years  without 
recognizing  that  we  were  slowly  getting  behind  Continental  countries  in 
technical  knowledge,  and  when  they  saw  the  practical  work  in  technical 
mining  instruction  done  here  and  abroad  they  noticed  the  disparity  all 
the  more.  What  they  had  to  deal  with  at  the  present  time  was  not  so 
much  the  method  of  carrying  out  technical  work— that  could  be  safely 
left  to  the  various  colleges  and  institutes— but  the  way  to  put  pressure 
first  upon  those  who  were  to  benefit  from  the  education— the  workman, 
the  under-manager,  and  the  mining  engineer.  If  there  were  a  demand 
for  technical  education,  the  colleges  instead  of  having  to  ask  people  to 
attend  would  be  besieged  (as  they  were  abroad)  by  applicants  for  technical 
education.  One  means  of  bringing  that  demand  into  operation  would  be 
for  mining  engineers  when  they  employed  anybody  above  the  class  of 
deputy  to  give  preference  to  anyone  who  had  attended  any  of  the  mining 
classes.     The  moment  there  was  any  advantage  to  be  gained  by  having 
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gone  through  a  course  of  technical  education  there  would  be  no  need  to 
seek  for  candidates.  The  difficulty  at  present  was  that  there  was  no 
demand  for  the  candidate  who  had  gone  through  any  one  of  the  mining 
courses.  Practical  knowledge  was  the  thing  that  was  looked  for  mostly, 
and  men  would  hardly  go  to  the  mining  classes  if  they  were  paid  to  do 
so.  The  Firth  College,  last  year,  had  a  fairly  complete  syllabus  of 
lectures  but  the  classes  were  neglected,  and  it  was  with  difficulty  that 
mining  students  could  be  found  to  attend.  Again,  this  year,  a  complete 
course  of  lectures  had  been  arranged,  but  until  there  was  a  demand  for 
men  who  had  gone  through  a  college  course  the  classes  would  be  badly 
attended. 

Mr.  John  Gerrard  said  he  was  quite  sure  that,  in  putting  Mr. 
Walker  into  the  presidential  chair,  the  members  had  put  the  right 
man  into  the  right  place.  In  the  work  he  had  put  before  the  Institute 
for  some  time  past  he  had  given  full  proof  that  if  he  did  anything 
he  did  it  thoroughly.  Much  consideration  was  being  given  to  this 
subject  which  was  one  of  the  most  pressing  matters  of  the  day,  and 
the  practical  information  given  by  Mr.  Walker  was  of  great  value. 
Whilst  it  was  true  that  Germany,  France,  and  Belgium  had  rapidly 
increased  their  production,  it  was  also  true  that  Great  Britain  was 
in  the  front  rank  with  regard  to  the  production  of  coal.  It  was  not 
much  to  be  wondered  at  that  the  increase  of  production  had  been 
so  rapid  in  Germany,  Belgium  and  France,  and  they  could  not  expect  to 
continue  to  supply  coal  to  those  countries  as  they  had  done  in  the  past. 
They  must  look  for  markets  other  than  those  of  Belgium,  Germany,  and 
France,  though  undoubtedly  they  had  sent,  and  were  sending,  a  large 
amount  of  coal  to  those  countries.  But  having  said  that  Great  Britain 
was  still  in  the  front  rank  as  a  coal-producer  he  was  not  going  to  minimize 
the  importance  which  they  ought  to  apply  to  mining  education.  Along 
with  scientific  training,  practical  experience,  was,  he  thought,  absolutely 
necessary.  It  would  hardly  be  thought  desirable  to  put  in  charge  of  an 
important  mine  a  man  fresh  from  college,  however  scientific  he  might  be. 
As  to  how  technical  or  mining  instruction  should  be  conveyed  in  the 
higher  and  in  the  elementary  branches,  Mr.  Walker's  valuable  address 
would  stimulate  them  to  consider,  and  he  thought  there  would  be  a 
practical  outcome.  As  to  the  workmen  he  must  confess  that,  when  they 
had  had  7  or  8  hours  down  a  pit,  and  had  travelled  home  and  had  a 
thorough  wash  and  refreshment,  they  next  wanted  rest.  He  was  not 
surprised  at  young  fellows,  having  to  be  at  the  pit  at  G  a.m.  and 
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getting  home  at  5  or  6  p.m.,  being  indisposed  to  take  a  long  railway 
journey  to  secure  technical  instruction.  He  was  not  speaking  for  them 
entirely,  but  he  submitted  that  something  might  be  said  in  their  favour. 
He  proposed  a  vote  of  thanks  to  Mr.  "Walker  for  his  interesting  address. 

Dr.  Hicks  (Firth  College,  Sheffield)  said  that  technical  instruction 
had  been  studied  very  thoroughly  in  Germany.  He  did  not  think  that 
they  could  hope,  if  it  were  desirable,  though  he  did  not  think  it  was 
desirable,  that  they  could  get  young  men  after  spending  5  or  6  hours  in 
the  pit  each  day  to  give  4  hours  a  day  to  college  instruction.  He  did 
not  think  that  they  could  transfer  the  German  system  to  England.  The 
point  where  the  German  system  was  so  good  was  the  systematic  way  in 
which  they  went  about  their  work.  It  was  a  weakness  they  found 
in  technical  instruction  everywhere  in  Great  Britain.  The  men  who 
came — it  did  not  matter  whether  workmen  or  others  going  to  be 
managers  and  directors  afterwards— all  that  they  wanted  to  do  was 
merely  to  be  able  to  carry  out  just  the  things  that  they  were  obliged 
to  do  in  the  ordinary  routine  of  their  work.  If  they  were  to  hold 
their  own,  managers  and  engineers  ought  to  have  a  much  fuller 
and  more  scientific  knowledge,  not  of  all  branches  of  science,  but  a 
full  knowledge  of  the  sciences  connected  with  their  occupations. 
They  might  forget  the  details,  but  they  would  have  got  into  the 
ways  and  methods  of  investigation,  and  they  would  have  got  to  know 
that  on  some  points  certain  things  were  known,  and  would  know 
where  to  find  them  when  they  required  them.  As  far  as  Firth  College 
was  concerned,  they  had  done  what  they  could  for  some  years  to  provide 
instruction  in  coal-mining.  They  had  been  conscious  that  it  was  useless 
to  try  to  go  in  for  a  complete  system  of  three  years'  study  of  coal-mining. 
For  the  last  four  or  five  years,  since  they  had  had  the  aid  of  the  county 
council,  their  classes  had  been  successful.  The  work  done  had  been  very 
good,  but  it  was  altogether  inadequate,  compared  with  what  ought  to  be 
done.  They  had  tried  to  arrange  more  advanced  classes,  but  although 
they  had  had  these  courses  on  their  calendar  for  one  or  two  years  they 
had  had  no  applications.  This  year  they  proposed  a  slight  modification, 
and  he  hoped  that  that  might  be  the  beginning  of  articled  pupils  attend- 
ing two  days  a  week  for  three  years  at  the  college.  As  to  practical 
education,  it  was  hopeless  to  ask  yet  for  the  whole  of  their  time.  What 
he  should  say  would  be — a  certain  number  of  years  given  in  the  pit,  then 
college  for  two  or  three  years,  giving  their  whole  time  to  work  there, 
and  a  final  year  in  the  pit.     The  work  they  did  at  college  then  would  be 
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illuminated  by  the  needs  which  they  had  already  discovered  in  the  pit. 
They  would  afterwards  go  back  to  the  pit  for  a  certain  number  of  years 
further,  when  the  knowledge  obtained  would  ripen.  The  course  that 
they  were  now  proposing  was  a  new  development,  and — in  the  course 
of  twenty  years — might  lead  to  a  more  advanced  course  of  preparatory 
training  of  two  or  three  years. 

Mr.  Jxo.  Longbotham  seconded  the  resolution  proposed  by  Mr. 
Gerrard,  and  suggested  that  the  discussion  be  adjourned. 

Mr.  E.  A.  Hadfield  said  that  he  had  travelled  abroad  perhaps 
more  than  some  present  during  the  last  few  years,  and  had  seen  the  want 
of  some  systematic  method  of  taking  up  technical  education  in  metal- 
lurgy. He  thought  that  in  Germany  they  had  an  aptitude  for  these 
things,  and  this  country  would  have  to  work  up  to  their  level.  Mr. 
"Walker  had  taken  the  sensible  way  of  going  over  to  see  what  had  been 
done.  He  had  the  great  advantage  of  being  able  to  speak  German,  and 
to  understand  what  he  saw  in  a  way  which  many  of  them  would  fail  to 
do.  There  again  Germany  set  an  excellent  example.  How  it  was  he 
did  not  know,  but  nine  out  of  ten  people  abroad  were  able  to  converse 
in  other  languages  than  their  own,  and  that  gave  a  great  advantage  in 
the  way  of  reading  all  the  best  English  technical  journals.  They  had  a 
newspaper  devoted  to  that  kind  of  work,  and  in  his  own  line  they  fol- 
lowed all  the  English  investigations  most  carefully.  They  had  no  paper 
of  that  character  on  this  side  of  the  Channel.  He  had  suggested  to 
the  council  of  the  Iron  and  Steel  Institute  the  desirability  of  obtaining 
fuller  information  as  to  continental  technical  publications.  Britain  could 
not  hope  to  monopolize  the  trade  of  the  world.  The  increase  during  the 
last  ten  years  had  not  been  at  the  same  ratio  as  some  countries  of 
which  they  heard  so  much,  but  they  began  at  zero,  whereas  this  country 
had  already  a  large  trade.  At  the  same  time  he  should  not  like  for  a 
moment  to  minimize  the  great  importance  of  paying  attention  to  the 
subjects  touched  upon  by  Mr.  Walker. 

Prof.  H.  Louis  (Durham  College  of  Science,  Newcastle-upon-Tyne) 
wrote  that  Mr.  Walker  had  raised  a  good  many  interesting  and  important 
points  in  his  address  ;  with  much  of  what  he  said  he  (Prof.  Louis)  was 
heartily  in  accord,  though  he  ventured  to  differ  from  Mr.  Walker  on 
some  points.  It  was  only  on  the  latter  that  he  need  say  anything,  and 
in  doing  so  he  would  confine  himself  strictly  to  coal-mining,  and  would 
divide  the  subject  into  the  two  heads  of  the  training  of  engineers  and 
the  training  of  officials  and  working  miners.     He  did  not  separate  the 
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two  latter  classes,  because  he  held  that  their  method  of  training  should 
be  identical,  and  that  those  among  the  working  miners  whose  abilities 
were  superior  to  those  of  their  fellows,  and  who,  therefore,  benefited 
more  fully  by  this  training,  would  and  ought  naturally  to  rise  and  fill  the 
posts  of  the  various  colliery  officials.  This  was,  indeed,  the  general 
system  in  this  country,  and  was,  in  his  opinion,  a  better  plan  in  every 
way  than  the  continental  method  of  making  three  grades  of  men  from 
the  outset. 

Turning,  firstly,  to  the  education  of  mining  engineers,  he  ventured 
to  think  that  Mr.  Walker's  list  of  subjects*  was  not  quite  perfect.  He 
would  object  to  the  omission  of  mineralogy,  and  above  all  of  mathematics, 
and  he  held  that  one  or  two  foreign  languages,  ambulance  work,  and 
book-keeping  or  accountancy  should  all  form  part  of  a  complete  cur- 
riculum. In  order  of  time,  he  would  place  the  art  of  mining  last  and 
not  first,  because  no  real  progress  could  be  made  with  it  before  the 
sciences  that  underlie  it,  such  as  chemistry,  physics,  geology,  etc.,  had 
been  mastered. 

Mr.  "Walker  was  good  enough  to  endorse  the  course  which  the 
Durham  College  of  Science  offered,  and  he  ventured  to  think  that  his 
praise  would  be  less  qualified  if  the  wording  of  the  calendar,  which  he 
quoted,  had  been  more  unmistakable.  He  did  not  for  a  moment  suppose 
that  three  days  a  week  sufficed  for  the  ordinary  student.  Three  days' 
attendance  a  week  was  the  minimum  that  qualified  a  student  to  sit  for 
his  examinations,  but  as  a  matter  of  fact  his  mining  students  worked, 
and  had  to  work  hard,  six  days  a  week.  One  day  was  given  up  to  that 
important  subject  field  geology,  and  another  day  was  a  short  day,  but  yet 
much  more  than  three  days  a  week  had  to  be  devoted  to  college  work, 
exclusive  of  home-reading.  In  the  third  year,  all  the  work  was  con- 
centrated on  three  days  a  week,  in  order  to  enable  a  student  to  put  in 
three  days  a  week  at  the  pits.  The  object  of  this  arrangement  was  to 
meet,  as  far  as  may  be,  the  provisions  of  the  Coal  Mines  Regulation 
Act  (1887),  which  insisted  on  five  years'  work  in  the  pits  before  a 
certificate  could  be  granted.  As  was  mostly  the  way  in  this  country,  we 
had  to  struggle  to  advance  our  art  in  opposition  to  legislation,  instead 
of  receiving  any  assistance  from  it.  He  was  most  emphatically  of  the 
same  opinion  as  Mr.  Walker,  that  if  the  law  allowed,  say  two  years, 
passed  at  a  recognized  mining  college  to  count  instead  of  the  same  time 
in  the  pit,  we  should  hear  far  less  of  our  scientific  inferiority  to  other 
nations,  but  as  long  as  the  law  looked  upon  scientific  training  as  a  useless 

*  Trans.  Fed.  Inst.,  vol.  xii.,  page  141. 
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incubus,  our  undoubted  inferiority  in  this  respect  would  continue  to 
handicap  us  in  the  race.  Let  them  contrast  the  attitude  of  our  govern- 
ment towards  the  scientific  training  of  mining  engineers  with  that  of  the 
governments  of  continental  nations,  and  there  would  be  no  need  to  look 
for  any  supposed  inferiority  in  our  mining  colleges  as  compared  with 
theirs. 

He  (Prof.  Louis)  might  add  that,  with  respect  to  the  Durham 
College  of  Science  mining  course,  he  found  that  Mr.  Walker's  view  (if  he 
understood  him  properly)  was  not  correct,  and  that  a  majority  of 
the  students  did  take  the  full  course.  The  course  of  sixty  mining 
lectures  was  really  a  course  on  the  theory  of  mining  only,  and  in  it  he 
mainly  endeavoured  to  teach  students  how  the  sciences,  which  they  had 
already  studied,  were  applied  to  solve  the  various  problems  that  con- 
fronted the  mining  engineer.  He  always  took  the  knowledge  of  these 
preliminary  sciences  for  granted.  Again,  in  mechanical  drawing,  only  the 
theory  was  taught,  because  it  was  assumed  that  the  student  would  have 
plenty  of  practice  in  the  drawing-office  whilst  serving  his  apprenticeship. 

He  (Prof.  Louis)  now  came  to  another  point  of  much  importance  : 
he  held  it  to  be  utterly  impossible  for  any  college  in  the  world  to  turn  out 
mining  engineers  or  mine  managers.  College  training  must  be  supple- 
mented by  apprenticeship  or  its  equivalent.  He  agreed  fully  with  Mr. 
Walker  that  apprenticeship  without  scientific  training  would  not  suffice 
to  make  a  good  mining  engineer,  but  he  was  equally  emphatic  on  the 
converse  of  this  proposition.  The  much-lauded  practical  German  course 
of  college  training  did  not,  so  far  as  his  experience  went,  turn  out 
practical  engineers.  He  had,  for  instance,  seen  a  graduate  of  a  German 
school  very  doubtful  as  to  which  way  to  turn  a  nut  in  order  to  tighten 
it ;  give  him  pencil,  paper,  and  plenty  of  time,  and  he  could  work  it  out 
quite  correctly,  but  put  a  spanner  in  his  hand  and  he  was  quite  as  likely 
to  turn  it  the  wrong  way  as  the  right.  He  felt  sure  that  this  could  not 
be  the  case  with  a  young  man  who  had  gone  through  his  apprenticeship 
(as  understood  in  this  country)  properly.  At  the  same  time,  he  held  that 
continental  nations  had  an  immense  advantage  over  us  in  their  forced 
military  service,  which  taught  them  to  become  handy,  practical,  smart, 
and  self-reliant,  and  above  all  enforced  the  essential  lesson  that  all  must 
learn — who  aspire  to  command  men—  that  of  unquestioning  obedience. 

Of  all  methods  of  teaching  mining,  he  liked  the  American  method 
best,  but  then  they  gave  four  years  as  a  rule  to  their  college  course,  and 
four  years  was  none  too  much  for  so  complex  and  iuanysided  a  subject. 
Nevertheless,  he  repeated  that  no  college  training  alone  could  make  a 
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mine  manager  ;  even  if  he  could  leave  the  college  with  all  the  requisite 
scientific  and  technical  knowledge,  he  would  still  have  to  learn  to  control 
his  workmen,  and,  more  important  still,  to  control  himself. 

He  might  add  that  he  did  not  follow  Mr.  Walker's  reasoning,* 
where  he  pointed  out  that  Englishmen  did  not  attend  the  Hainault 
School  of  Mines.  Surely  this  fact  could  be  fairly  interpreted  as  showing 
that  they  obtained  what  they  wanted  in  their  own  country. 

His  (Prof.  Louis)  ideal  course  for  training  a  mining  engineer  would 
be  as  follows  : — Leave  school  at  the  age  of  16  or  17  years,  with  a  sound 
knowledge  of  elementary  science,  mathematics,  and,  at  any  rate,  one 
foreign  language  ;  attend  college  courses  in  pure  science  for  two  years, 
devoting  each  long  vacation  to  what  the  Americans  term  "summer 
schools  "  at  some  mining  district  (not  his  own)  ;  in  the  third  year  divide 
his  time,  half  at  the  college,  attending  special  courses  on  mining  subjects, 
and  half  at  the  pits  ;  then  two,  or,  if  possible,  three  more  years  of 
apprenticeship  should  follow.  This  would  bring  the  aspirant  to  about 
23  years  of  age,  when  he  ought  to  have  no  difficulty  (if  the  law  were 
suitably  altered)  in  passing  an  examination  as  colliery  manager,  even 
more  searching  than  the  present  one.  He  did  not  think  it  a  good  plan 
for  the  student  to  go  underground  before  he  had  received  his  scientific 
training,  although  he  was  aware  that  there  was  something  to  be  said  for 
this  practice.  A  young  man  was  better  fitted  physically  to  stand  the 
work  if  he  was  a  little  older,  and  he  was  better  equipped  mentally  to 
understand  what  he  saw ;  moreover,  he  was  generally  less  capable  of 
applying  himself  to  hard  scientific  reading  if  he  had  been  used  to  the 
physical  exertion  that  pit  work  entailed  for  a  couple  of  years  before 
coming  to  college. 

With  respect  to  the  training  of  working  miners  and  colliery  officials, 
he  did  not  think  that  Mr.  Walker  distinguished  clearly  enough  between 
technical  instruction  and  technical  education.  However  deficient  our 
miners  might  be  in  the  latter,  he  ventured  to  assert  that  in  the  former 
they  more  than  held  their  own.  He  had  seen  miners  at  work  in  most 
quarters  of  the  globe,  and  had  no  hesitation  in  saying  that  in  manual 
skill,  and  physical  and  technical  ability,  our  British  miners  were  hard  to 
beat.  They  were  backward,  it  was  true,  in  scientific  knowledge  and 
knowledge  of  principles,  but  many  of  them  were  working  hard  to  make 
up  their  deficiencies. 

At  the  Durham  College  of  Science,  there  was  a  Saturday  class  of  some 
sixty  miners  and  mine  officials,  sent  chiefly  by  the  county  councils  of 
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Northumberland  and  Durham,  who  were  doing  capital  work  in  this 
direction.  He  was  now  engaged  in  an  endeavour  to  devise  for  this  class 
a  complete  course  of  systematic  education  in  the  various  sciences  that 
underlie  their  art.  He  had  no  need  to  provide  for  these  men  (any  more 
than  he  held  that  we  need  provide  for  mining  students)  anything  like 
technical  instruction,  such  as,  e.g.,  how  to  hew,  to  drill,  to  cut  timber,  or 
anything  of  the  kind.  "What  they  needed  was  technical  education  in 
scientific  principles,  and  that  he  hoped  to  provide  for  them  in  a  very 
complete  form. 

It  must  not  be  forgotten  that  the  coal  trades  associations  of 
Northumberland  and  Durham  subscribed  towards  maintaining  the 
efficiency  of  the  mining  instruction  at  the  Durham  College  of  Science, 
which  in  that  respect  might  be  compared  on  a  small  scale  to  the  Bochum 
Mining  School,  supported  by  the  Westphalian  Coal  Mining  Fund.  When 
mining  colleges  in  this  country  received  the  same  official  recognition 
from  government  that  was  enjoyed  by  those  in  Germany,  as  was  wisely 
suggested  by  Mr.  Walker  should  be  the  case,  he  saw  no  reason  why  the 
Durham  College  of  Science,  for  instance,  should,  in  any  way,  either  in 
numbers  of  mining  students  or  in  the  quality  of  the  training  provided, 
fall  short  of  its  continental  rivals  ;  more  especially  if  the  coal  miners' 
unions  could  be  induced  in  their  own  best  interests  to  combine  with  the 
coal  trade  associations  to  provide  the  necessary  funds,  as  was  being  done 
in  "Westphalia,  to  enable  as  many  as  choose  from  all  ranks  of  miners  to 
benefit  by  the  teaching  that  could  be  thus  provided  for  them.  Un- 
fortunately in  this  country  we  were  too  much  used  to  find  legislative 
enactments  bar  the  way  of  scientific  progress,  and  he  only  hoped  that 
Mr.  Walker's  address  might  induce  some  of  the  leaders  in  all  ranks  of 
coal -mining  to  bestir  themselves  as  he  suggested. 

The  President  said  he  supposed  that  the  members  would  agree  with 
the  proposal  of  Mr.  Longbotham  that  the  discussion  on  his  address  be 
adjourned.  He  was  much  obliged  for  the  kind  remarks  made  by  the 
various  speakers,  and  he  hoped  that  the  subject  might  fill  their  thoughts 
a  little  while  and  bring  about  some  improvement  in  a  system  of  education 
which  left  much  to  be  desired. 


The  meeting  was  then  closed. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  October  24th,  1896. 


Mr.  G.  B.  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated  : — 

Member — 
Mr.  Thomas  Lionel  Shaw  Carrinoton,  Mining  Engineer,  Sheffield. 

Students— 
Mr.  Lionel  Clinton  Maitland,  Mining  Student,  78,   Brunswick  Street, 

Sheffield. 
Mr.  Reginald  B.  Wood,  Mining  Student,  Wincobank,  Sheffield. 
Mr.  William   Armley   Wooler,  Mining   Student,    Thurgoland  Vicarage, 

Sheffield. 

DISCUSSION  ON  MR.  BRYAN  DONKIN'S  PAPER  ON 
"POWDERED  COAL  FOR  FIRING  STEAM-BOILERS: 
WEGENER  AND  OTHER  SYSTEMS."* 

The  President  said  that  Mr.  Bryan  Donkin's  paper  raised  points 
with  regard  to  the  use  of  coal-dust  as  fuel  which  were,  he  thought, 
novel  to  many  of  the  members.  It  described  the  use  of  coal  so  finely 
powdered  as  to  go  through  holes  ■£$  inch  in  diameter — in  fact,  somewhat 
similar  to  the  fine  dust  which  adhered  to  props,  doors,  sides,  and  ledges  in 
pits,  where  it  was  dry  and  dusty.  They  knew  that  in  case  of  an 
explosion,  coal-dust  rapidly  ignited  and  produced  intense  heat  and  flame. 
By  the  contrivances  Mr.  Donkin  described,  and  particularly  by  the 
Wegener  system,  this  fine  coal-dust  was  used  to  produce  very  excellent 
results  in  boiler-furnaces.  They  knew  that  the  object  of  burning  fuel 
under  a  boiler  was  to  produce  gases  formed  by  a  mixture  of  oxygen  with 
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the  carbon  contained  in  the  coal,  and  by  combustion  producing  heat. 
The  more  finely  divided  the  coal,  the  more  quickly  the  necessary  com- 
bination would  take  place.  Mr.  Donkin  showed  that  the  boiler-efficiency 
with  finely  powdered  coal-dust  was  as  high  as  78  per  cent.,  whilst  the 
efficiency  with  the  boilers  fired  with  nut-coal  was  only  54  per  cent. 
Moreover,  an  analysis  of  the  gases  resulting  from  combustion  showed  a 
higher  percentage  of  carbon  monoxide  than  was  usual,  consequently 
producing  a  more  intense  heat  ;  and,  finally,  the  whole  of  the  smoke  was 
consumed.  The  members  had  a  great  deal  of  small  coal  at  their 
disposal,  and  as  pits  got  deeper  coal  was  apt  to  get  more  dusty.  If  any 
of  these  contrivances  for  burning  fine  coal-dust  powder  could  be  brought 
into  use  it  might  very  much  improve  the  value  of  small  coal,  which  at 
present  was  almost  valueless. 

Mr.  H.  B.  Nash  asked  what  was  the  cost  of  grinding  the  coal. 

The  President  said  that  Mr.  Donkin  put  it  at  from  9d.  to  Is. 
a  ton. 

Mr.  Nash  asked  whether  the  coal  should  be  very  pure.  Mr.  Donkin 
said  that  coal  should  be  paid  for  according  to  its  heating  properties 
and  not  according  to  weight. 

Mr.  Chtjrton  said  he  was  thinking  of  the  danger  of  using  coal-dust 
such  as  that  which  sometimes  caused  explosions  in  mines.  It  occurred 
to  him,  if  the  coal-dust  was  to  be  propelled  into  the  furnace,  whether  it 
might  convey  the  heat  and  cause  a  disastrous  explosion  in  the  main 
bulk. 

Mr.  Nash  said  he  did  not  think  explosion  would  take  place,  because 
the  combustion  of  the  fine  dust  was  only  caused  through  its  being  com- 
pletely surrounded  with  air. 

The  President  said  that  the  heat  of  the  furnace-lining  caused  the 
combustion  of  the  coal. 

Mr.  Nash  said  that  the  flame  could  not  flash  back,  because  the  coal- 
dust  was  in  a  compact  mass  in  the  pipes. 

The  President  said  that  Mr.  Donkin  stated  :  "  No  doubt  long 
exposure  of  the  coal  to  the  atmosphere  might  diminish  its  calorific 
value,  but  they  were  obliged  to  use  it  fairly  dry,  so  that  the  question  did 
not  arise  in  practice."  Generally  speaking,  the  results  of  the  experiments 
were  satisfactory  for  in  Berlin  the  coal  had  been  stored  for  months  and 
always  burnt  well. 
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Mr.  St.  John  Durnford  asked  whether  coal  or  smudge  was  used  to 
start  the  fires. 

Mr.  T.  W.  H.  Mitchell  said  that  the  experiments  had  not  lasted 
long  enough  to  determine  the  maximum  quantity  of  ash  which  could  be 
burned  with  the  powdered  coal.     Mr.  Donkin  said  that — 

The  only  similar  fuel  they  had  tried  was  gas-coke,  and  that  did  not  ignite 
easily,  and  required  to  be  mixed  with  a  certain  amount  of  bituminous  coal.  Gas- 
coke  often  contained  15  to  30  per  cent,  of  dirt,  and  yet  they  burned  it,  not  in 
powder,  but  in  the  ordinary  system  with  forced  blast.  To  burn  all  kinds  of  low- 
class  fuels,  economically  was  very  advantageous. 

Mr.  E.  Routledge  said  that  with  sufficient  boiler-room,  one  could 
use  very  small  coal,  such  as  duff  (worth  from  Is.  3d.  to  Is.  6d.  per  ton), 
which  went  through  ^\  inch  sieve.  Better  results  would  be  obtained  if 
a  mechanical  arrangement  was  in  use. 

Mr.  Nash  said  that  Mr.  Donkin  used  coal  worth  5s.  6d.  a  ton,  and 
spent  9d.  a  ton  on  grinding,  while  Mr.  Routledge  used  duff  worth  Is.  6d.  a 
ton.  The  question  was  whether  the  difference  of  results  between  duff  at 
Is.  6d.  a  ton  and  ground  coal  at  Gs.  3d.  a  ton  showed  any  benefit.  Could 
they  get  three  times  the  benefit  for  the  difference  of  the  cost  ? 

Mr.  St.  John  Durnford  said  that  another  advantage  was  a  smokeless 
chimney. 

Mr.  Nash  said  that  a  smokeless  chimney  could  be  obtained  if  they 
fired  gently  instead  of  forcing  it. 

The  President  said  that  the  statement  was  that  there  was  a  gain  of 
20  per  cent,  in  the  boiler  efficiency. 

Mr.  Nash  said  if  they  only  got  20  per  cent,  greater  efficiency  and 
spent  300  per  cent.,  the  saving  at  the  tap  would  run  away  at  the  bung- 
hole. 

Mr.  Churton  said  that  if  coal-dust  worth  Is.  6d.  per  ton  could,  by 
spending  Is.,  be  made  worth  3s.  a  ton,  there  was  a  margin  of  profit. 

Mr.  Nash  said  that  if  Mr.  Donkin  used  a  high  percentage  of  round 
coal  of  good  quality  they,  firing  with  the  same  stuff  without  grinding, 
might  get  probably  better  results  at  less  expense.  It  might  show  good 
results  when  he  got  good  coal,  but  when  he  used  bad  coal,  such  as  they 
used  at  collieries  usually,  he  might  not  get  as  good  results  out  of  the 
dust  with  dirt  in  it  as  he  did  with  the  good  coal. 

21 
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Mr.  B.  Donkin,  replying  to  the  discussion,  wrote  that  some  of  the 
advantages  of  powdered  coal  firing  as  compared  with  large  coal  were  : — 
Absence  of  smoke  after  the  fire-brick  lining  had  become  hot,  continuous 
and  automatic  fuel-supply,  less  dependence  upon  the  stoker,  more  perfect 
combustion,  more  easy  regulation  of  the  exact  quantity  of  air  required 
and  of  steam  generated,  saving  in  cost  of  labour,  economy  of  coal,  no 
grate  or  grate-bars,  no  fire-doors,  higher  furnace-temperature,  and  in- 
crease of  boiler  efficiency,  from  5  to  25  per  cent.  With  boilers  having 
an  efficiency  of  about  55  per  cent.,  the  gain  in  efficiency  would  be  greater 
than  in  those  having  75  per  cent.  The  only  extra  cost  was  that  of 
grinding  the  coal,  which  would  vary  according  to  the  locality  and 
quantities  required,  but  might  be  taken  at  9d.  to  Is.  per  ton.  It  was 
necessary  to  line  the  flues  of  Cornish  or  Lancashire  boilers  with  fire- 
brick in  order  to  ignite  the  powdered  coal  on  its  entrance,  as  there  was 
no  grate  and  no  store  of  glowing  fuel  as" usual.  The  hgih  temperature 
of  the  lining  kindled  the  coal  as  it  entered.  This  lining  required  a  little 
repair  from  time  to  time.  •  In  water -tube  boilers  no  special  lining  was 
necessary,  many  working  without. 

The  question  was  often  asked  whether  there  was  no  liability  to  ex- 
plosions with  this  finely  powdered  coal.  Nothing  of  the  kind  had  ever 
occurred  either  in  Germany,  England,  or  France.  Some  30  to  40  boilers 
were  now  regularly  at  work  on  this  system. 

In  the  discussion,  the  prices  of  coal  quoted  per  ton  were  approximately 
those  at  the  pit-mouth,  but  by  far  the  larger  quantity  of  coal  used  to 
produce  steam  was  not  burned  at  the  pit-mouth,  but  in  all  the  towns  and 
cities  all  over  England.  This  might  be  taken  at  about  double  the  prices 
mentioned.  In  London,  refuse  small  coal  could  be  bought  at  from  9s.  to 
12s.  per  ton,  but  this  varied  with  seasons  and  the  market.  Colliery 
boilers  had  generally  a  very  low  heat  efficiency,  say  50  to  60  per  cent.,  as 
the  gases  usually  escaped  at  a  high  temperature.  It  would,  undoubtedly, 
be  to  the  advantage  of  each  colliery  to  have  one  boiler  with  which  to  try 
experiments  on  waste  and  other  coals,  always  measuring  the  quantity  of 
water  evaporated  by  a  good  type  of  piston  meter.  If  collieries  would  send 
him  (Mr.  Donkin)  samples,  carriage  paid,  of  fine  powdered  coal,  he  would 
be  happy  to  test  them.  "Good"  or  "bad"  coals  were  mentioned  in  the 
discussion,  but  these  were  indefinite  terms,  and  had  no  definite  meaning. 
The  'dimensions  of  the  pieces  (anything  between  ^  inch  and  2  inches), 
and  the  calorific  value  should  always  be  given,  and  the  latter  was  easily 
obtained  now. 

The  discussion  was  adjourned. 
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DISCUSSION    ON   MR.   G.   FOWLER'S   PAPER   ON    "HOW   A 
MINE  MAY  BE  DRY  BUT  NOT  DUSTY."* 

Mr.  H.  B.  Nash  said  that  Mr.  Fowler,  speaking  from  the  point  of 
view  of  a  Nottinghamshire  colliery  manager,  argued  that  it  was  cheaper 
to  make  the  sides  of  his  roads  smooth  and  to  whitewash  them,  and  to 
gather  up  the  coal  and  dust.  He  should  like  to  see  Mr.  Fowler's  system 
tried  in  a  Yorkshire  mine.  Mr.  Fowler  said  that  it  would  cost  £5,000 
or  £6,000  to  damp  his  own  pit,  but  he  could  deal  with  the  dust  in  the 
manner  described  in  his  paper  for  £500  or  £600  at  the  Oinderhill 
colliery.  He  smoothed  the  walls,  plastered  all  fissures,  and  white- 
washed over  all,  so  that  dust  would  not  lodge.  He  used  bars  and  props, 
which,  apparently,  he  also  whitewashed.  The  cost  was  absurdly  low, 
but  every  one  knew  that  the  maintenance  of  the  roof,  etc.,  in  Derbyshire 
and  Nottinghamshire  cost  very  little,  compared  with  Yorkshire. 

Mr.  E.  W.  Thirkell  said  it  appeared  to  him  that  the  most  dusty 
places  about  a  pit  were  on  the  surface,  about  the  screens,  and  at  the 
bottom  of  the  downcast  shaft.  He  was  arranging  to  use  a  series  of 
water-sprays  in  the  downcast  shaft,  a  few  feet  down.  On  a  windy  day, 
dust  from  the  screens  went  down  the  shaft  in  clouds,  and  his  intention 
was  to  lay  the  dust,  or  to  saturate  it  with  water,  so  that  at  the  pit- 
bottom  it  would  drop  on  the  sump-boards,  instead  of  being  carried  by 
the  air-current  into  the  mine. 

Mr.  W.  Scott  said  that  another  of  the  fruitful  causes  of  dust  was 
the  high  speed  of  the  haulage. 

Mr.  Thirkell  said  that  where  there  was  a  main-and-tail  rope  with 
trains  going  10  or  12  miles  an  hour,  with  an  energetic  air  current 
meeting  it,  a  considerable  amount  of  dust  was  produced. 

Mr.  Nash  said  that  was  Mr.  Fowler's  argument,  and  he  stated  that 
by  making  the  sides  of  the  airways  smooth  as  the  walls  of  a  house  the 
dust  could  not  adhere.  It  fell  to  the  floor  and  it  was  an  easy  matter  to 
remove  it,  at  very  little  expense. 

Mr.  Thirkell  said  that  it  was  not  an  easy  or  cheap  matter  to 
thoroughly  remove  the  dust.  He  suggested  that  it  should  be  swept  in 
a  reasonable  manner  from  the  sides,  damped  on  the  floor,  and  removed 
in  tubs.     Several  members  who  had  tried  water-sprayers,  found  that  the 
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water  injured  the  electric-cables.  The  moisture  got  in  to  the  side  and 
roof,  and  though  it  might  not  cause  damage  for  some  time,  at  length  the 
effects  began  to  be  felt  in  falls  of  roof  and  sides,  which  made  them  regret 
having  used  the  sprayer.  If  too  much  water  was  used,  the  floor  lifted 
also. 

Mr.  Nash  said  that  Mr.  Fowler  made  the  sides  and  the  top  smooth, 
so  that  he  could  easily  bring  the  dust  out  of  the  pit. 

Mr.  Mitchell  said  that  with  a  view  of  testing  the  point  Mr.  Fowler 
had  prepared  two  portions  of  roadway,  1,500  feet  in  length,  where  the 
roof  and  sides  were  smooth,  covered  with  plaster  where  necessary,  so 
that  the  dust  could  not  collect.  The  cost  of  plastering  had  been  l|d. 
per  square  foot,  and  other  points  had  been  smoothed  at  a  cost  of  Id.  per 
square  foot. 

Mr.  Churton  suggested  that  it  would  be  possible  to  sweep  away  the 
dust  in  certain  portions,  and  thus  form  isolated  sections,  which  would 
prevent  an  explosion  being  propagated  for  any  considerable  distance.  It 
would  be  a  great  expense  to  sweep  a  colliery  from  one  end  to  the  other,  or 
to  make  the  sides  clean  throughout. 

Mr.  E.  Eoutledge  said  that  if  a  section  was  well  watered  the 
explosion  would  not  travel  past  that  length. 

Mr.  Thiekell  said  that  that  fact  had  been  demonstrated  over  and 
over  again. 

The  President  said  that  the  advantage  of  such  a  precaution  was 
proved  at  Seaham  colliery. 

Mr.  R.  Routledge  said  that  the  advantages  had  been  proved  at 
Altofts  colliery  also. 

Mr.  G-.  Fowler  thanked  the  members  for  their  appreciative  criticism 
of  his  paper.  He  considered  that  all  mining  questions  were  primarily 
financial,  and  his  object  in  writing  the  paper  was,  in  the  first  place,  to 
compare  Mr.  Haarman's  method  with  his  own  from  that  point  of  view. 
The  endeavour  to  make  mining  as  safe  as  possible  did  not  clash  with  the 
primary  condition  laid  down  ;  for,  if  all  mines  were  under  the  same  neces- 
sities for  their  security,  the  relative  costs  of  coal-mining  would  vary  but 
little.  He  might  add  that  the  cost  of  making  smooth  roadways  at 
Cinderhill  colliery  was  intentionally  over-stated.  His  method  of  treat- 
ment by  no  means  presented  the  difficulties  that  suggested  themselves. 
The  natural  surfaces  left  by  the  fractures  of  rock-roofs  and  sides  were 
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often  smooth,  and  could  be  easily  smoothed ;  and  the  act  of  sweeping 
with  a  common  broom  "down  the  wind"  was  very  easy.  In  a  large 
pit  raising  400  tons  per  day,  roads,  more  than  a  mile  long,  were 
swept  over  at  a  cost  of  £10,  including  both  the  intake  and  return  air- 
ways. He  might  also  point  out  that  this  method  of  treatment  was 
suggested  only  for  application  on  main  roads,  or  possibly  on  sections  of 
main  roads.  He  also  suggested  that  pack-walls,  roughly  plastered  or  laid 
in  mortar,  would  frequently  conduce  to  the  maintenance  of  the  roads.  He 
also  desired  to  express  his  adhesion  to  Mr.  Thirkell's  suggestion  as  to  the 
necessity  of  preventing  the  dust  from  the  screens  passing  into  the  mine. 
"Where  screens  were  situated  closely  adjacent  to  the  top  of  the  downcast 
shaft,  they  were  certain  producers  of  dusty  main  roads ;  and  he  was  of 
opinion  that  the  water-sprays  suggested  by  Mr.  Thirkell  might  in  such 
cases  be  of  service. 

The  discussion  was  adjourned. 


DISCUSSION  ON  MR.  G.  B.  WALKER'S  PRESIDENTIAL  AD- 
DRESS ON  "THE  EDUCATION  OP  MINING  ENGINEERS."* 

Mr.  L.  T.  O'Shea  (Firth  College,  Sheffield)  wrote  that,  not  only  the 
members  of  the  Midland  Institute  of  Mining  Engineers,  but  mining 
engineers  generally,  owed  Mr.  G.  B.  Walker  a  debt  of  gratitude  for 
laying  before  them  so  exhaustive  a  digest  of  the  subject. 

We  in  South  Yorkshire  have,  for  the  last  six  years,  been  dealing  with 
the  subject  of  elementary  mining  education,  and  are  now  advancing  a  step 
further  in  providing  for  the  educational  wants  of  the  mining  engineer. 
It  was  of  great  advantage,  therefore,  at  the  start  to  have  the  opportunity 
of  looking  into  the  systems  of  education  of  foreign  neighbours,  and  of 
examining  their  results  to  see  how  far  we  can  profit  by  their  experience, 
and  what  it  was  desirable  to  copy  in  order  to  place  mining  education  in 
this  country  on  a  sound  and  satisfactory  foundation. 

There  was  one  feature  which  had  struck  him  (Mr.  O'Shea),  and  one, 
he  thought,  of  primary  importance,  namely,  the  thoroughness  of  the 
scientific  training  of  the  mining  student  abroad.  Whilst  he  was  fully 
trained  in  the  practice  of  mining  by  attendance  and  working  in  the  pit, 
he  was,  at  the  same  time,  compelled  to  receive  a  thorough  instruction  in 
the  elementary  and  higher  branches  of  all  those  sciences  which  find  appli- 

*  Trans.  Fed.  Inst,,  vol.  xii. ,  page  132. 
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cation  in  the  art  of  mining.  As  a  consequence,  the  mining  engineer 
abroad  was  a  man  who  thoroughly  understood  the  theory,  as  well  as  the 
practice,  of  all  his  operations,  and,  above  all,  was  fully  alive  to  the 
progress  of  science,  and  was  able  to  judge  for  himself  the  advantages 
or  disadvantages  of  the  modern  inventions  which  affected  his  calling. 
Engineers  thus  trained  were  able  to  push,  and  did  push,  their  industry 
into  the  front  rank. 

He  believed  that  in  the  future  only  those  engaged  in  great  industries 
would  succeed  who  were  able  to  use  to  the  greatest  advantage  the  re- 
sources of  science,  not  only  in  dealing  with  the  primary  commodity,  but 
in  the  treatment  and  recovery  of  all  of  the  attendant  bye-products ;  and 
the  engineer  who  had  the  best  scientific  as  well  as  practical  training 
would  be  the  one  to  do  this. 

He  thought  that  we  could  not  do  better,  in  the  first  instance,  than 
copy  our  neighbours  abroad  in  establishing  a  sound  scientific  training  for 
mining  engineers.  It  was  not  the  want  of  practical  knowledge  in  which 
we  were  deficient :  it  was  the  want  of  scientific  training  that  we  deplored. 
He  would  not  for  one  moment  advocate  any  reduction  in  the  practical 
training  of  a  mining  engineer ;  but  he  did  urge  that  it  was  necessary  to 
strengthen  this  by  a  scientific  training,  which  should  be  thorough  and 
not  superficial. 

But  whilst  advocating  this  aspect  of  the  question,  he  would  like  to 
emphasise  what  Mr  Cobbold  had  already  said.  The  initiative  must 
come  from  mining  engineers,  and  he  felt  sure,  from  his  experience  of 
mining  education  in  South  Yorkshire  and  Derbyshire  during  the  last  six 
years,  that  if  active  and  sympathetic  interest  in  this  matter  was  shown 
by  those  in  authority,  it  was  possible  to  start  and  carry  out  a  system  of 
training  for  mining  engineers  which  would  help  them  to  compete  with 
their  neighbours  and  maintain  their  stand  in  the  front  rank.  Mr. 
Walker's  paper,  and  Mr.  Cobbold's  remarks,  showed  that  amongst  the 
members  of  the  Midland  Institute,  this  active  and  sympathetic  interest 
existed. 

Mr.  Walker  had  compared  the  enthusiasm  of  the  German  student 
with  that  of  our  own ;  his  comparison  was  true  and  just ;  still 
enthusiasm  could  be  cultivated,  and  for  years  in  Germany  everything 
had  been  done  to  foster  and  encourage  education.  The  state  insisted 
that  only  engineers  who  had  passed  through  a  most  severe  training, 
theoretical  and  practical,  should  enter  its  employment,  and  whilst  laying 
down  a  curriculum  to  be  followed  for  the  training  of  its  own  employes,  it 
encouraged    and    recognized  independent  educational  efforts.     Highly 
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trained  engineers  thus  controlled  the  German  mining  industry ;  they  fully 
recognized  the  advantage  of  having  men  similarly  trained  around  them, 
and  consequently  they  encouraged  the  coming  generation  to  follow  in  their 
footsteps.  Now,  with  such  hearty  co-operation  from  mining  engineers 
at  home,  and  some  recognition  from  our  authorities,  he  thought  we 
should  find  that  the  enthusiasm  so  evident  in  Germany  would  come  to 
us.  He  heartily  supported  Mr.  Walker's  suggestion  that  the  govern- 
ment should  be  approached,  and  asked  to  recognize  the  time  spent  by 
mining  students  in  following  properly  organized  collegiate  courses  of 
study  during  the  period  of  their  articles.  And  how  could  this  be  done 
better  than  by  this  Institute  and  the  other  branches  of  The  Federated 
Institution  of  Mining  Engineers  uniting  with  the  educational  establish- 
ments providing  mining  instruction  to  form  a  deputation  on  the  subject 
to  the  Home  Secretary  ?  The  earnestness  of  mining  engineers  would 
then  be  evident  to  the  authorities,  and  he  believed  that  the  seeds  of 
enthusiasm  would  then  be  sown.  His  (Mr.  O'Shea's)  remarks  had 
extended  to  far  greater  length  than  he  intended,  but  before  he  concluded 
he  would  like  to  refer  to  some  remarks  made  by  Mr.  Cobbold,  which 
struck  him  as  likely  to  lead  to  some  misunderstanding  as  to  the  facilities 
for  the  training  of  mining  engineers  in  South  Yorkshire,  for  he  felt  sure 
that  that  gentleman  would  be  the  last  to  depreciate  any  efforts  which 
were  being  made  in  this  respect.  He  felt  sure  that  Mr.  Cobbold  would 
be  pleased  to  hear  that  there  was  a  course  at  Firth  College  for  the  train- 
ing of  articled  pupils  which  followed  on  somewhat  similar  lines  to  those 
of  the  course  at  the  Durham  College  of  Science  at  Newcastle-upon-Tyne. 
The  scheme  of  this  course  had  been  in  existence  since  last  year,  but 
owing  to  want  of  the  proper  circulation  of  the  information  concerning  it 
(which  had  now  been  remedied)  actual  work  had  only  commenced  this 
year. 

The  deep  interest  which  he  took  in  this  subject  must  be  his  excuse 
for  the  length  of  his  remarks,  but  he  could  not  let  the  opportunity  pass 
without  emphasizing  his  sense  of  its  importance. 

The  President  said  that  he  should  like  the  Institute  to  identify 
itself  with  him  in  taking  up  this  subject.  If  he  was  right  in  inter- 
preting the  feelings  of  the  members  of  the  Institute,  they  were  just  as 
sensible  of  the  importance  of  this  matter  as  he  was  himself.  He  had 
spoken  to  no  member  of  the  Institute  who  had  not  expressed  cordially 
and  heartily  his  desire  that  the  Institute  should  take  some  steps  in  the 
matter  of  raising  the  standard  of  education  of  the  young  men  who  were 
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entering  upon  their  articles,  and  who  were  hereafter  to  be  the  colliery 
managers  of  the  district.  The  members  should  come  to  some  conclusion 
as  to  what  they  thought  was  desirable,  and  having  arrived  at  that  they 
could  give  effect  to  it.  There  were  many  points  on  which  there  might 
be  a  good  deal  of  difference  of  opinion.  It  might  be  that  they  need  not 
trouble  themselves  with  carrying  matters  to  such  an  extent  as  they  did 
on  the  continent  in  connexion  with  the  higher  branches  of  scientific 
education,  but  that  was  a  matter  of  degree. 

Mr.  T.  W.  H.  Mitchell  said  that  Mr.  O'Shea  hit  the  nail  on  the 
head  when  he  spoke  of  the  want  of  enthusiasm  on  this  question.  They 
had  had  small  classes  at  Barnsley  in  connexion  with  the  Yorkshire  and 
Firth  Colleges.  Considering  the  large  opportunities  afforded,  very  few  had 
accepted  until  quite  recently.  When  the  classes  started  in  Barnsley,  the 
fees  for  three  likely  young  men  to  attend  for  the  first  year  were  provided 
free,  and  it  was  hoped  that  having  had  the  first  year's  course  paid 
they  would  follow  up  the  second,  but  not  one  of  them  attended  for  the 
second  year,  simply  because  they  had  to  pay  a  shilling  a  lecture  for 
what  was  really  a  college  education.  If,  whenever  they  had  young 
men  who  seemed  likely  to  read,  they  encouraged  them  to  go  to  these 
classes  they  would  be  doing  what  Mr.  Walker  wished.  There  was 
ample  opportunity  afforded  at  Leeds,  Sheffield,  and  Barnsley  for  an 
education  which  a  good  many  of  the  older  members  would  have  been 
glad  to  have  had  afforded  them  in  years  gone  by.  It  was  for  those  who 
had  not  had  this  opportunity  to  urge  young  men  to  the  education  they 
could  have  if  they  would  take  it.  All  he  could  do  was  to  thank  Mr. 
Walker  for  his  paper,  and  ask  the  members  to  help  him  in  bringing  this 
question  forward  in  their  district,  and  to  urge  young  men  to  accept  the 
opportunities  given  to  them  at  the  various  centres  of  learning. 

Mr.  Thirkell  said  that  several  of  the  members  who  had  young 
men  with  them,  or  in  connexion  with  the  collieries  where  they  were, 
were  in  a  difficulty  when  they  were  asked  to  set  them  in  a  proper  groove. 
They  had  prospectuses  offering  subjects  which  the  youths  should  study, 
but  to  get  exactly  what  they  required  in  one  year  had  been  a  difficulty. 
A  different  procedure  would  have  to  be  adopted  with  such  pupils  from 
that  for  students  who  had  to  earn  their  living  whilst  seeking  to  improve 
themselves,  and  he  was  glad  that  the  colleges  were  providing  a  course  to 
meet  such  cases.  He  was  sorry  that  enthusiasm  for  scientific  training 
was  at  such  a  low  ebb,  but  he  thought  a  good  deal  could  be  done 
if  the  manager  at  every  colliery  would  make  the  lectures  thoroughly 
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known,  and  try  to  induce  young  men  about  the  pits,  deputies,  and  over- 
men to  attend  the  classes. 

Mr.  Jos.  L.  Eoutledge  remarked  that  in  an  opening  address  at  one 
of  these  schools  he  said  that  he  did  not  see  why  a  working  collier,  after  a 
course  of  five  years'  training  at  these  schools,  should  not  be  able  to  obtain 
a  first-class  certificate,  and  a  working  collier  did,  in  five  years,  obtain 
a  first-class  certificate,  and  was  now  in  an  under-manager's  position. 
His  experience  of  science  classes  was  that  there  must  be  a  great  amount 
of  enthusiasm  in  the  teacher  which  must  be  infused  into  the  scholars. 
If  the  teacher  was  unsympathetic  or  lectured  over  the  heads  of  his 
pupils  they  lost  interest  and  did  not  attend  the  classes.  He  had  eight 
or  ten  workmen,  deputies  and  others,  under  him  attending  the 
mining  classes  in  connexion  with  the  Leeds  Mechanics'  Institute,  but 
he  did  not  think  that  they  would  go  to  the  Yorkshire  College  if  asked. 
The  fees  would  be  prohibitive,  and  there  would  not  be  that  interest 
taken  in  them  which  was  taken  in  them  at  the  present  time.  If 
members  induced  young  men  and  youths  under  them  to  attend  science 
classes,  it  was  as  much  as  they  could  do.  If  those  in  position  as  teachers 
would  do  their  part,  and  the  committees  in  connexion  with  them,  it 
would  be  better  for  the  country  altogether. 

.  Mr.  St.  John  Durnford  said  that  the  paper  went  further  than  the 
last  speaker's  remarks,  and  showed  what  the  Firth  and  Yorkshire  Colleges 
were  striving  to  do.  They  wanted  to  emphasize  as  much  as  possible  the 
fact  that  there  was  a  course  for  articled  pupils  to  mining  engineers  at 
each  of  these  schools,  altogether  independent  of  the  evening  classes 
which  could  be  attended  at  local  centres  such  as  Barnsley  and  Leeds.  If 
articled  pupils  could  leave  the  colliery  two  days  a  week  to  attend  lectures 
at  the  Firth  College,  or  at  the  Yorkshire  College,  there  was  a  course  at 
each  from  which  they  would  derive  considerable  benefit.  The  fact  of 
these  pupils  attending  this  course,  as  had  been  stated  by  H.M.  inspector 
of  mines  for  the  district,  would  not  disqualify  them  from  counting 
their  time,  given  in  for  their  certificate  examination,  as  spent  at  the 
colliery.  No  doubt  the  classes  to  which  Mr.  Routledge  had  alluded 
were  excellent  things,  but  Mr.  Walker  had  pointed  out  that  the  Belgians, 
Germans,  and  French  went  a  great  deal  further  than  that,  and  insisted 
not  only  on  attendance  at  evening  classes,  but  required  attendance  at 
a  course  lasting  two  or  three  years.  If  they  could  get  the  owners  of 
coal-mines  to  insist  on  having  young  men  about  them  who  had  gone 
through  an  University   education,  even  though  it    might   be    more 
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costly  than  the  present  mode  of  educating  young  men,  they  would 
have  accomplished  a  great  deal  towards  getting  the  scientific  require- 
ments they  wished  for.  Again,  if  mining  engineers  would  take  good 
care  to  appoint  and  have  about  them  young  men  who  had  been  to 
similar  colleges,  that  again  would  go  a  long  way  towards  putting  them 
on  a  level  with,  if  not  superior  to  the  continental  schools  of  mines. 
With  regard  to  the  mining  classes  at  Barnsley,  two  students  of 
his  had  to  leave  Featherstone  at  two  o'clock,  and  did  not  get  back 
until  ten,  to  attend  the  lectures  ;  so  that  it  was  not  an  easy  matter  for 
them  to  attend. 

Mr.  Stephenson  said  that  it  would  be  a  good  thing  if  some  com- 
petent person  could  give  aspirants  some  line  to  follow.  If  Mr.  Walker 
would  suggest  how  far  they  should  go  in  chemistry,  and  what  par- 
ticular parts  of  geology  and  physics  should  be  taken,  it  would  be 
helpful. 

Mr.  H.  Bonser  said  he  had  no  doubt  that  the  mining  population 
would  thank  the  President  for  his  paper,  which  excited  the  interest  of 
every  one.  He  asked  the  members  to  consider  the  condition  of  the 
workmen  abroad  and  the  rate  of  wages,  and  Mr.  Walker  to  name  the 
ideal  colliery  whose  surface-arrangements  were  superior  to  those  of  this 
country.  He  should  also  like  a  comparison  of  their  arrangements 
underground.  He  believed  that  they  were  suffering  from  a  habit  of  self- 
depreciation.  He  had  been  abroad  and  seen  many  collieries.  The  men 
were  under  military  rule,  and  were  of  a  better  class,  but  if  one  colliery 
could  be  mentioned  to  compare  with  those  of  Yorkshire  for  safety  and 
comfort  of  the  workmen,  he  should  be  pleased  to  see  it. 

Mr.  H.  B.  Nash  said  that  mines  abroad  were  in  many  cases  owned  by 
government  or  by  large  associations,  who  would  only  employ  engineers 
who  had  passed  very  high  examinations.  In  England,  if  they  had  to 
possess  this  scientific  training,  few  of  those  who  were  successful  managers 
of  large  collieries  would  be  able  to  get  through.  The  men  in  charge  of 
English  collieries  were  men  who  had  risen  to  a  position,  not  as  scientific  men, 
but  as  practical  men.  Whilst  admiring  the  spirit  and  enthusiasm  which 
the  foreigner  put  into  his  work,  he  agreed  that  they  had  equally  as  good 
men  at  collieries  as  any  they  had  abroad,  or  ever  would  have.  He  agreed 
that  with  a  scientific  training  a  practical  man  must  be  the  best  man. 
The  difficulty  was  to  infuse  sufficient  enthusiasm  amongst  young  men  to 
interest  themselves  in  science  classes.  Without  sympathetic  teachers 
they  could  not  have  enthusiastic  learners  ;  and  a  great  difficulty  was  that 
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the  teachers  had  attained  such  a  high  scientific  ground  that  they  could 
not  descend  to  the  student's  level  and  teach  him  how  to  grasp  the 
subject.  If  they  could  bring  themselves  to  the  level  of  the  deputies  and 
colliers,  talk  in  their  language,  and  explain  details,  they  would  get  more 
enthusiastic  students. 

Mr.  W.  A.  Bjtson  said  that  time  spent  in  study  abroad  did  not  count 
for  the  certificate  examination,  but  it  ought  to  do  so.  Two  of  his  friends 
had  practically  wasted  two  years  in  consequence  of  this  default. 

The  President  said  that  he  had  no  wish  to  depreciate  Englishmen 
in  comparison  with  foreigners.  He  believed  that  given  equal  or  even 
inferior  facilities,  the  English  colliery  manager  would  equal  or  even 
surpass  his  foreign  competitor,  but  they  were  giving  the  foreigner  a  long 
start.  Replying  to  Mr.  Bonser's  remark,  he  mentioned  the  Shamrock 
III.  and  IV.  collieries  of  the  Hibernia  Company — the  plant  was 
magnificent,  the  labour-saving  arrangements  very  elaborate — everything 
was  carried  out  as  the  English  railway-companies  were  accustomed  to 
carry  out  engineering  works.  There  were  also  the  Zollverein  collieries 
and  the  Cologne  Company's  collieries.  The  officials  of  the  German 
collieries  were  as  highly  or  more  highly  paid  than  those  of  this  country. 
It  would  be  a  most  excellent  thing  if  a  visit  of  the  Institute  could  be 
paid  to  Westphalia— notwithstanding  the  difficulties  of  language,  they 
might  obtain  many  useful  hints.  With  regard  to  the  training  of 
articled  pupils  he  did  not  think  that  he  could  define  how  far  they 
should  study  a  subject.  The  courses  now  arranged  at  the  colleges 
would  give  the  students  instruction  as  far  as  they  could  reasonably 
go  in  the  time.  With  regard  to  the  suggestion  that  there  was  a  lack  of 
careful  help  on  the  part  of  the  teachers,  with  greater  experience  on  the 
part  of  the  teachers,  there  had  been  a  great  improvement  in  that  respect, 
and  of  late  that  cause  of  complaint  had  been  entirely  removed.  There 
was  a  great  amount  of  zeal  on  the  part  of  the  teachers,  and  if  there  was 
any  want  of  help  in  that  direction  it  rested  with  the  students  not  asking 
for  it. 

Mr.  H.  Bonser  asked  whether  it  was  fair  to  institute  a  comparison 
with  the  men  in  charge  of  collieries  abroad — how  many  of  them  were 
officers  who  in  case  of  war  would  be  drafted  from  the  collieries  to  lead 
the  defence  ?  What  chance  had  the  ordinary  workman  to  attain  to  these 
highly-paid  situations  ?  Though  they  had  grand  arrangements  on  the 
surface,  most  of  the  money  was  spent  on  the  pit-top — there  was  little 
below.  In  this  country,  with  a  simple  top,  they  had  a  grand  colliery 
underground. 
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The  President  said  that  a  workman  in  Germany  had  every  chance 
to  rise,  and  he  pointed  to  the  mining  school  of  Bochum  described  in  his 
paper,  from  which  young  men  were  frequently  chosen  to  take  responsible 
positions  in  the  collieries.  The  chief  officials  of  the  mines  were  not 
men  actually  connected  with  the  army,  and  could  not  be  called  upon  to 
take  command  of  troops,  except,  possibly,  in  the  very  remote  possibility 
of  the  landsturm  being  called  out. 

The  discussion  was  adjourned. 


The  meeting  was  then  closed. 
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REFERENCES. 
LOAD     CURVES— LIGHTING     ONLY. 


JANUARY    29TH,    1896,    LOAD-FACTOR.    0-300. 
JUNE    5TH,    1896,    LOAD-FACTOR,    0-226. 


LOAD  CURVES— LIGHTING  &  POWER  COMBINED. 

JANUARY    29TH,    1896,    LOAD-FACTOR,    0-500. 

. JUNE    5TH,    1896,   LOAD-FACTOR,    0-444. 
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MIDLAND    INSTITUTE  OF  MINING,  CIYIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  at  Idlestop  and  at  Doncaster,  November  28th,  1896. 


Mr.  W.  E.  GARFORTH  in  the  Chair. 


Mr.  George  Dunston  read  the  following  paper  on  "The  Eastern 
Extension  of  the  Midland  Coal-field,  and  the  Exploration  at  South- 
car  :"— 

THE    EASTERN    EXTENSION    OF    THE    MIDLAND    COAL- 
FIELD, AND  THE   EXPLORATION  AT  SOUTHCAR. 


By  GEORGE  DUNSTON. 


The  members  will  be  interested  in  hearing  what  has  led  to  this  dis- 
trict being  explored  for  coal.  The  writer's  business  necessitated  his 
frequently  crossing  the  North  Sea  en  route,  to  the  Continent,  and  during 
bad  weather  soundings  were  taken  at  a  point  called  Coal  Pit,  30  fathoms 
deep,  5  miles  long,  and  1  mile  broad,  in  latitude  53  degs.  29  mins.  north, 
and  longitude  1.  deg.  45  mins.  east,  lying  37  miles  from  Cromer  north- 
east quarter-north  magnetic  bearing,  the  Lincolnshire  coast  being  55 
miles  distant.  Each  sounding  brought  up  particles  of  coal,  and  after- 
wards, from  enquiries  made  from  those  engaged  in  the  fishing  industry, 
the  writer  came  to  the  conclusion  that  this  point  was  the  easternmost  out- 
crop of  the  Yorkshire  and  Derbyshire  coal-field.  The  explanation  given  of 
the  existence  of  this  coal  by  the  fishermen  was,  that  ships  laden  with  coal 
had  been  sunk  at  this  point ;  but  this  theory  was  upset  by  the  fact  that 
Silver  Pit  and  Sole  Pit,  between  this  point  and  the  land,  contained  no 
coal,  and  that,  had  the  existence  of  the  coal  been  due  to  wreckage,  it 
must  have  also  been  present  in  the  other  pits  which  are  situated  between 
Coal  Pit  aud  Donna  Nook  on  the  sea-coast,  which  is  in  about  a  direct 
line  with  Southcar  and  Barnsley,  as  shown  on  the  North  Sea  chart. 

Upon  this  information,  Mr.  Arthur  Wilson  consented  to  give  his 
support  to  an  exploration-scheme,  and  finally  an  agreement  was  made 
with  the  Vivian  Diamond  Boring  Company,  Limited,  for  a  borehole  to  be 
carried  down  3,000  feet  at  Southcar. 
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Afterwards  adjoining-  landowners  decided  to  contribute  towards  the 
expenditure,  upon  the  joint  report  of  the  late  Mr.  Joseph  Mitchell  and 
Mr.  Charles  E.  Ehodes,  whose  opinions  have  been  justified  by  the  results 
of  the  exploration.  The  opinion  given  by  Mr.  W.  H.  Chambers,  both  as 
to  thicknesses  of  formation  and  the  depth  at  which  the  well-known  seams 
would  be  found  (he  gave  it  as  his  opinion  that  the  Barnsley  coal-seam 
would  be  found  divided,  as  at  Monckton  Main),  proved  of  great  value  to 
the  syndicate. 

The  syndicate  had  also  the  advantage  of  Mr.  H.  B.  Nash's  profes- 
sional services,  who  was  most  indefatigable  in  his  efforts  to  make  the 
exploration  a  success  ;  and  the  fact  that  he  strongly  urged  the  necessity 
of  maintaining  the  size  of  the  borehole  shows  his  foresight,  for  otherwise 
the  borehole  might  not  have  been  made  to  a  sufficient  depth  to  produce 
cores  enabling  the  strata  to  be  identified.  The  Barnsley  coal-seam  was 
reached  within  a  few  feet  of  the  depth  anticipated  by  Mr.  W.  H. 
Chambers  and  the  late  Mr.  John  R.  Hewitt. 

The  borehole  started  in  superficial  deposits  of  sand,  warp,  and  gravel, 
32  feet  in  thickness  ;  below  this  it  passed  through  a  part  of  the  Trias 
and  the  whole  of  the  Permian  formations.  It  entered  the  Coal-measures 
at  about  the  depth  of  1,700  feet,  and  at  a  depth  of  a  little  over  3,000 
feet  reached  the  well-known  Barnsley  bed  of  the  Yorkshire  coal-field. 
The  late  Prof.  Green  recognized  in  these  Carboniferous  rocks  the  sections 
met  with  at  the  boreholes  near  Snaith  and  at  Scarle,  in  the  neighbour- 
hood of  Newark. 

The  first  workable  seam  of  coal  (the  Shafton)  was  found  at  a  depth  of 
about  1,920  feet,  and  is  a  little  over  3  feet  in  thickness.  Passing  the 
Bagshaw  and  other  thinner  seams,  the  Swinton  Pottery  seam  was  found 
3  feet  9  inches  in  thickness.  The  late  Prof.  Green,  in  reference  to  these 
two  seams,  wrote  that  : — "  It  seems  to  me  that  from  these  two  seams  we 
have  a  fair  prospect,  not  only  of  obtaining  the  coal  necessary  to  keep  the 
works  going  during  the  sinking,  but  also  of  commencing  a  remunerative 
sale  of  coal  before  the  Barnsley  bed  (which  must  be  the  mainstay  of  the 
undertaking)  is  reached,  and  it  may  be  that  it  will  be  found  worth  while 
in  the  end  to  work  all  these  seams  simultaneously." 

After  passing  through  eight  other  coal-seams,  the  Kents  thick  coal- 
seam  was  found  at  a  depth  of  about  3,000  feet,  and  about  4  feet  5  inches 
in  thickness.  Another  130  feet,  and  the  Barnsley  soft  coal-seam  was 
reached,  with  about  4  feet  9  inches  thickness  of  coal.  There  is,  then,  a 
rock-parting  of  39  feet  before  the  Barnsley  hard  coal-seam  was  reached, 
with  4  feet  7  inches  of  clean  coal  without  parting. 
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Two  most  important  items  in  the  present  discovery  are,  that  all  the 
measures  are  perfectly  flat,  and  that  the  strata  overlying  the  seams  of 
coal  are  of  a  strong  rocky  character.  Out  of  a  thickness  of  9  feet 
2  inches  of  shale  above  the  Barnsley  soft  coal-seam,  9  feet  of  core  was 
brought  up,  and  the  shale  above  the  Barnsley  hard  coal-seam  was  equally 
solid.  The  cores  were  also  identified  and  reported  upon  by  Messrs.  R. 
Russell,  C.  Tylden  Wright,  and  F.  J.  Jones. 

The  following  is  an  analysis,  by  Mr.  Alfred  H.  Allen,  of  a  samole  of 
coal  described  as  "hards,"  taken  from  the  borehole  : — 

Per  Cent. 

Moisture      272 

Volatile  matter      30-09 

Fixed  carbonaceous  matter        66 '15 

Mineral  matter  (ash)         1'04 

Coke            66-19 

Sulphur        0-63 

These  results  show  the  coal  to  have  a  very  low  ash,  and  to  contain 
only  a  moderate  proportion  of  sulphur.     It  is  coal  of  excellent  quality. 

Notwithstanding  the  great  thickness  of  the  red  sandstone  passed 
through,  and  the  great  quantity  of  water  necessarily  pumped  down  the 
borehole  during  the  process  of  boring,  the  water  never  reached  the  top 
of  the  borehole  owing  to  the  porous  nature  of  the  sandstone  formation, 
until  it  reached  a  depth  of  282  feet.  Then  a  spring  of  brine  was  met 
with,  which  gave  off  saline  matter  in  the  water  as  tested  with  a  hydro- 
meter to  the  extent  of  6  ounces  to  the  gallon,  or  nearly  4  per  cent. :  at 
this  point  the  water  rose  to  the  top  of  the  borehole  and  overflowed  very 
slowly. 

At  about  1,200  feet,  a  seam  of  anhydrous  gypsum,  8  feet  10  inches  in 
thickness,  was  passed  through. 

From  what  has  been  stated,  it  will  be  seen  that  the  Barnsley  coal- 
seams  have  been  proved  to  extend  over  a  very  much  wider  area  than  had 
hitherto  been  supposed. 

The  geographical  situation  of  Southcar,  on  the  river  Idle,  about  3 
miles  from  the  Trent  (near  Stockwith),  where  turret  type  of  boats  can 
be  loaded  for  the  London,  Hamburg,  and  other  markets,  is  important 
in  respect  not  only  of  securing  cheap  carriage  of  coal,  but  in  saving  the 
breakage  of  the  coal. 

By  the  Great  Northern  and  Great  Eastern  Joint  Railway,  Southcar 
will  be  the  colliery  working  South  Yorkshire  steam-coal  nearest  to  Hull, 
Goole,  Keadby,  Boston,  Grimsby,  and  London. 

Before  closing  this  paper,  the  writer  is  pleased  to  congratulate  Mr. 
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Vivian  upon  the  skill  with  which  he  carried  to  a  successful  termination 
the  deepest  coal-boring  yet  made  in  England,  and  he  has  pleasure  in 
appending,  for  the  information  of  the  members,  a  section  of  the  boring. 


APPENDIXES. 
-No.  1  Diamond-boring,  by  Vivian's  Boring  and  Exploration  Company, 
Limited,  at  Southcar. 


No.    Description  of  Strata. 

1  Soil  


2  Grey  sand 

3  Running  sand    . . . 

4  Loamy  sand 

5  Grey  sand 

6  Grey  sand,  mixed 

with  clay 

7  Red  sandy  clay  . . . 

8  Red  sand  .. 

9  Fine  sand 

10  Red  sand}7  clay  ... 

1 1  Fine  sand 

12  Sand  and  gravel 

13  Red  and  blue  marl 

14  Red  and  blue  marl, 

with  gypsum 
joints     ...  ...   10 

15  Grey  sandstone ...     1 

16  Grey  limestone  ...     1 

17  Red      and      blue 

sandy  marl,  with 
veins  of  gypsum    40 

18  Red  and  blue  marl, 

with  veins  of 
gypsum ... 

19  Blue    marl,    with 

veins  of  gypsum 

20  Blue    marl,    with 

beds  of  gypsum 

21  Red  and  blue  marl, 

with  veins  of 
gypsum  and  beds 
of  sandstone     . . . 

22  Red  marl 

23  Red      and      grey 

sandstone 

24  Grey  sandstone . . . 

25  Red  sandstone   ... 

26  Red      and      grey 

sandstone,  with 
beds  of  marl     . . . 

27  Grey  sandstone... 

28  Red      and      grey 

sandstone,  with 
beds  of  marl    . . . 

29  Red      and      grey 

sandstone         . . . ' 

30  Red      and      grey 

sandstone,  with 
small  beds  of 
blue  shale 

31  Red      and      grey 

sandstone 


Thick- 
ness of 
Strata. 
Ft.  In. 
1  6 
3    0 


Depth 

from 

Surface. 

Ft.    In. 


16  0 

19  6 

22  0 

28  6 

29  0 

31  6 

32  0 
35  0 


45  6 

46  6 
48     0 


S8    7 


4 

0 

92 

7 

2 

6 

95 

1 

12 

6 

107 

7 

•24 
6 

0 
0 

131 
137 

7 

7 

5 

93 

6 

11 
9 
0 

143 

237 
243 

6 
3 
3 

30 
14 

11 
9 

274 
28S 

2 

11 

8 

0 

296 

11 

35 

4 

432 

3 

34 

0 

466 

3 

15 

0 

4S1 

3 

Thick- 
ness of 
No.    Description  of  Strata.       Strata. 
Ft.  In. 

32  Red      and      grey 

sandstone,  witli 
small  beds  of 
blue  shale        ...  50 

33  Red      and      grey 

sandstone,  with 
small  beds  of 
marl       12  1( 

34  Red      and      grey 

sandstone,  with 
beds  of  blue  shale  13 

35  Red      and      grey 

sandstone,  with 
beds  of  red  and 
blue  shale         ...  22 

36  Red      and      grey 

sandstone         ...   13 

37  Red      and      grey 

sandstone,  with 
beds  of  blue 
shale      16 

38  Red      and      grey 

sandstone,  with 
beds  of  blue  marl  1 1 

39  Red      and      grey 

sandstone,  with 
beds  of  blue 
shale      ...         ...  51 

40  Red  sandstone  ...  75 

41  Red       sandstone, 

with  pebbles    ...206  10 

42  Red       sandstone, 

with  pebbles  and 
small  beds  of 
marl      ...         ...  10 

43  Red       sandstone, 

with  pebbles    ...  55 

44  Red       sandstone, 

with  spots  of 
marl      ...  ...    11 

45  Red  sandstone  ...  35 

46  Red       sandstone, 

with  beds  of 
marl      ...         ...115 

47  Red      and       grey 

sandy  marl,  with 
veins  of  gypsum 

48  Red     maid,    with 

veins  of  gypsum 

49  ANHYDRITE     ... 

50  Very     hard     red 

sandy  marl,  with 
veins  of  gypsum 


Depth 

from 

Surface. 

Ft.    In. 


0      531     3 


0 

544 

1 

6 

557 

7 

0 

579 

7 

0 

592 

7 

0 

60S 

7 

0 

619 

7 

1 

6 

670 
746 

8 
2 

0 


1 


li 


4    0 

8  10 


953    0 


963 

0 

1,018 

1 

1,029 
1,065 

7 
0 

6   1,180    6 


3    0   1,183    6 


1,187    6 
1,196    4 


2     S   1,199    0 
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No.    Description  of  Strata. 
51  Very     hard      red 


Thick- 
ness of 
Strata. 
Ft.  In. 


Depth 

from 
Surface. 
Ft.      In. 


and  grey  marly 
sandstone,  with 
veins  of  gypsum 

52  Red   sandy  marl, 

with  veins  of 
gypsum... 

53  Red      and      grey 

sandy  marl,  with 
veins  of  gypsum 

54  Red    marl,    with 

veins  of  gypsum   17 

55  Red    marl,    with 

veins  of  gypsum 
and  beds  of  lime- 
stone 

56  Red    and    brown 

marl,  with  beds 
of  gypsum  and 
beds  of  limestone 

57  Fine    grey    sand- 

stone, with  beds 
of  blue  shale  and 
veins  of  gypsum 

58  Fine    grey    sand- 

stone, with  veins 
of  gypsum 

59  Fine    grey    sand- 

stone, with  beds 
of  pure  gypsum 

60  Fine    grey    sand- 

stone, with  beds 
of  blue  shale    ... 

61  Grey  limestone  ... 

62  Blue    marl,    with 

veins  of  gypsum 

63  Red     marl,    with 

veins  of  gypsum   44 

64  Rotten  red  marl, 

with     veins     of 


3     6 


3     6 


0    9 


gypsum... 

65  Blue    marl,    with 

veins  of  gypsum 

66  Rotten  red  marl, 

with     veins     of 
gypsum... 

67  Brown   and    blue 

marl,  with  veins 
of  gypsum 

68  Brown  marl,  with 

beds  of  limestone 

69  Limestone  and  red 

and    blue  marl, 
with     veins     of 


1,202  6 

1,206  0 

1,206  9 

1,224  3 


gypsum  .. 

70  Grey  limestone  .. .  18 

71  Grey      limestone, 

with  shale-joints  28 

72  Light  grey   lime- 

stone    ...         ...     9 

73  Grey      limestone, 

with  shale-jointsl85 


9    0  1,233    3 


5    4   1,238    7 


5    0 


8     4 


5     0 


7    2 


1,243    7 

1,251  11 

1,256  11 

1,269    5 
1,322    5 

1,329    7 

1,374    3 


14    0   1,388    3 
3    0   1,391     3 

11  11   1,403    2 


52    0 
4    6 


11 


1,455  2 

1,459  8 

1,471  2 

1,489  6 

1,518  1 

1,527  1 

1,712  9 


No.    Description  of  Strata. 

74  Grey  shale 

75  Mottled  shale    . . . 

76  Red    shaly    lime- 

stone 

77  Mottled        sandy 

shale 

78  Mottled  shale     ... 
Botherham  Red  Bock- 

79  Red    and    grey 

sandstone     . . . 

80  Mottled     shale 

81  Red    and    grey 

sandstone 

82  Red    and    grey 

sandstone, 
with  red  joints 

83  Coarse  red  sand- 

stone ... 

84  Grey  sandstone, 

with  red  joints 

85  Grey  sandstone, 

with  red  joints 
and  shale 

86  Blue  shale 

87  Grey  sandstone, 

with   small 
black  veins  ... 

88  Blue  shale 

89  COAL     

90  Soft  fireclay 

91  Hard         fireclay, 

with  balls  of  iron- 
stone      

92  Soft  fireclay,  with 

balls  of  ironstone 

93  Black  shale 

94  Very  rotten  blue 

shale  or  fireclay 

95  Grey  sandstone  . . . 

96  Blue  shale  or  fire- 

clay 

97  COAL,        mixed 

with  black  shale 

98  Dark  blue  shale... 

99  Dark    blue   shale, 

with  balls  of  iron- 
stone      

100  COAL     

101  Black  shale 

102  Soft  grey  fireclay 

103  Blue    sandy    fire- 

clay, with  balls 
of  ironstone 

104  Blue  sandy  shale 

105  Blue  rock 

106  Dark  blue  shale... 

107  Grey  fireclay 
Shafton  Coal-seam — 

108  COAL 

109  Grey  fireclay 

110  Grey       sandstone 

and  sandy  shale 


Thick 
ness  of 
Strata. 

Ft.  In. 
12     0 

3    0 


Depth 

from 
Surface. 
Ft.      In. 

1,724    9 
1,727     9 


0    6   1,728    3 


5    0 
4    0 


7     0 
3    0 


1,733    3 
1,737    3 


1,744    3 
1,747    3 


1  10   1,749    1 


45    3 
2    6 

27    2 


4    0 
0     6 


1,794  4 
1,796  10 
1,824    0 


1,82S    0 
1,82S     6 


2  6 

1  0 

1  2 

3  4 


1.831  0 

1.832  0 
1,S33  2 
1,836  6 


0    5    1,836  11 


0  9 

1  6 

15  6 

0  6 


1,837  8 

1,S39  2 

1.854  8 

1.855  2 


1     0   1,856    2 


0  5 

1  0 


21  3 
0  10 
0  2 
2    0 


17    0 
13    0 


1.856  7 

1.857  7 


1.878  10 

1.879  8 
1,879  10 
1,881  10 


1,898  10 
1,911  10 
1,919  4 
1,921  10 
1,923    5 

1,926  6 
1,928     2 


7    0   1,935    2 
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No.    Description  of  Strata. 


Thick- 
ness of 
Strata. 
Ft.  Iu. 


111  Dark  blue  lamin- 

ated shale 

112  Dark    blue   shale, 

with  balls  of  iron- 
stone     ...         ...     9 

113  Grey  sandy  shale    22 

114  Grey  sandstone  ...     1 

115  COAL    0 

116  Rotten   grey  fire- 

clay,  with   balls 
of  ironstone      ...   13 

117  Dark  blue  shale...     6 

118  Grey  sandstone  ...     0 

119  Dark  blue  shale...  16 

120  Grey  fireclay,  with 

balls  of  ironstone 

121  Blue    shale,    with 

balls  of  ironstone  18 

122  Blue  sandy  lamin- 

ated shale        ...  27 

123  Grey  fine-grained 

sandstone  ...     7 

124  Soft     grey     fine- 

grained sandstone  25     6 
1     0 


Depth 

from 

Surface. 

Ft.     In. 


6  10   1,942    0 


7    7 


39 
1 


125  Dark  sandy  shale 

126  Grey   fine-grained 

sandstone  ...  12     6   2 

127  Grey       sandstone 

mixed  with  shale     8     0 

128  Dark   shale,  with 

balls  of  ironstone     7     6   2 

129  Grey  fireclay,  with 

balls  of  ironstone  10    0   2 

130  Ironstone  ...     0 

131  Soft  grey  fireclay    11 

132  Grey  fireclay,  with 

balls  of  ironstone  12 


133  Dark  shale 

134  Dark  fireclay,with 

balls  of  ironstone     4     0   2 

135  Light         fireclay, 

with      balls      of 
ironstone  ...     5     7   2 

136  Grey  fireclay      ...  22     0   2 

137  Black  shale,  con- 

taining gas       ...     0    62 
Bagshaw  Coal-seam — 

138  COAL  ...     1     7   2 

139  Grey  fireclay      ...     9     6   2 
Oaks  Hock — 

140  Spongy        grey 

sandstone : 
fine-grained  at 
top,  and 
coarse-grained 
at  base 

141  Blue  sandy  shale 

142  Coarse   grey 

sandstone     ...  52     4 

143  Blue  sandy  shale  16  10 

144  Dark  shale  ...     4     0 

145  Fireclay  ...     3     0 


951  1 

973  9 

975  6 

976  2 


989  7 

995  7 

996  2 
012  2 

019  9 

038  0 

065  0 

072  6 


098 
099 

0 
0 

111 

6 

119 

6 

127 

0 

137 
137 
148 

0 
4 
7 

161     5 
165  10 

169  10 


175    5 
197    5 

197  11 

199    6 
209    0 


2,248     9 
2,250    3 


2,302 
2,319 
2,323 
2,326 


No.    Description  of  Strata. 

146  Grey  sandy  shale, 

with  beds  of  sand- 
stone     ... 

147  Fireclay 

148  Grey  sandstone... 

149  Dark  shale,    with 

ironstone 

150  Black  shale 

151  Grey  sandy  shale 

152  Grey  sandstone... 

153  Grey  fireclay 

154  Black     and    grey 

shale 
Swinton  Pottery  Coal- 
seam — ' 

Ft.  In. 

COAL    2    9 

Fireclay 

band 

COAL, 

soft 


Thick- 
ness of 
Strata. 
Ft.  In. 


Depth 

from 

Surface. 

Ft.     In. 


155 

156 
157 


158  Grey   sandy   fire- 

clay        

159  Grey  fine-grained 

sandstone 

160  Grey  fine-grained 

sandstone,    with 
black  streaks  ... 

161  Grey  sandstone  .. 

162  Black  shale 

163  COAL    

164  Soft  fireclay 

165  Sandy  fireclay    ... 

166  Light    grey  shaly 

sandstone 

167  Dark    grey   shaly 

sandstone 

168  Fireclay,        with 

balls  of  ironstone 

169  Black  shale,  with 

balls  of  ironstone 

170  Ironstone 

171  Black  shale 

172  Ironstone 

173  Black  shale 

174  Ironstone 

175  Black  shale 

176  Ironstone 

177  Fireclay 

Woolen  Edge  Hock — 

17S  Grey  sandstone, 
coarse  and 
gritty 

179  Blue  sandy  shale 

ISO  Dark  sandy 
shale  ... 

181  Blue  sandy 
s  h  a  1  e ,  with 
bands  of  sand- 
stone contain- 
ing   ironstone 


8     0 
6     0 

5    7 


7  10 
20    0 


2,334 
2,340 
2,346 

2,353 
2,354 
2,364 
2,372 
2,392 


0  10  2,393    4 


0    3 


0     9 


3    9 

1     4 
17     8 


46     7 
6     6 


2.397  1 

2.398  5 
2,416     1 


2,462    8 

2.469  2 

2.470  10 


2,472 
2,476 
2,483 


7  0  2,490  8 

8  0  2,498  8 
4  9  2,503  5 


17  11 

0  4 

1  0 

0  1 

1  0 
0  2 
9  6 
0  5 

2  0 


11  7 

2  0 


2,521  4 

2.521  8 

2.522  8 

2.522  9 
2,5-23  9 

2.523  11 
2,533  5 
2,533  10 
2,535  10 


2,547  5 
2,549  5 


20  8  2,570  1 


IS  0  2,588  1 
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Thick-          Depth 

Thick- 

Depth 

ness  of          from 

ness  o: 

from 

No.    Description  of  Strata. 

Strata.       Surface. 

No.    Description  of  Strata. 

Strata 

Surface. 

Ft 

In.       Ft. 

In. 

Ft 

In 

.     Ft. 

j,i 

182  Black  shale 

3 

6  2,591 

7 

216  Grey  shaly  sand- 

183 Blue    shale,    with 

stone 

6 

11 

2,813 

4 

ironstone  balls... 

2 

0  2,593 

7 

217  Grey  shaly  sand- 

184 COAL     

0 

10  2,594 

5 

stone,  with  balls 

185  Fireclay 

3 

2  2,597 

7 

of  ironstone 

16 

6 

2,829 

10 

186  Blue  sandy  shale, 

21S  Blue   shale,   with 

with     bands     of 

ironstone  bands 

15 

6 

2,845 

4 

ironstone 

7 

6   2,605 

1 

219  Blue  sandy  shale 

2 

10 

2,848 

2 

187  Black  shale,  with 

220  Fireclay  ... 

0 

3 

2,848 

5 

bands     of    iron- 

Low Beamshaw  Goal- 

stone 

15 

0  2,620 

1 

seam — 

Wathwood  Goal-seam — 

221  COAL 

1 

0 

2,849 

5 

188  COAL 

0 

11   2,621 

0 

222  Black  shale 

0 

2 

2,849 

7 

189  Fireclay 

1 

0  2,622 

0 

223  Grey  sandstone . . . 

5 

0 

2,854 

7 

190  Grey  shaly  sand- 

224 Blue   shaly  sand- 

stone 

0 

3  2,622 

3 

stone     

4 

8 

2,859 

3 

191  Fine-grained  grey 

225  Blue    shale,   with 

sandstone,     con- 

bands    of     hard 

taining  lime    ... 

6 

6   2,628 

9 

sandstone      con- 

192 Dark  sandy  shale 

4 

8   2,633 

5 

taining  ironstone  28 

9 

2,888 

0 

193  Dark  sandy  shale, 

Rents  Thin  Goal-seam  (? 

)- 

with  balls  of  iron- 

226 Black  shale     . . . 

1 

0 

2,889 

0 

stone 

3 

3  2,636 

8 

227  Blue  sandy  shale, 

194  Shaly  sandstone 

2 

6  2,639 

2 

with     bands     of 

195  Sandy  shale 

5 

6   2,644 

8 

hard     sandstone 

196  Grey  sandstone  ... 

2 

6  2,647 

2 

containing  iron- 

197 Blue    shale,  with 

stone 

24 

0 

2,913 

0 

balls  of  ironstone 

8 

0  2,655 

2 

228  Blue   sandy  shale 

198  Dark  blue   shale, 

and  balls  of  iron- 

with balls  of  iron- 

stone 

18 

6 

2,931 

6 

stone     

3 

0  2,658 

2 

Rents  Thick  Bock — 

199  Shaly  sandstone 

2 

0  2,660 

2 

229  Grey  sandstone  45 

0 

2,976 

6 

200  Blue  shale 

1 

0  2,661 

2 

230  Blue  sandy  shale, 

201  Blue   shale,   with 

with     bands     of 

bands  of  ironstone  6 

4  2,667 

6 

hard     sandstone 

202  Black  shale 

0 

2  2,667 

8 

containing  iron- 

Two Feet  Coal-seam — 

stone 

5 

0 

2,981 

6 

203  COAL 

0 

10  2,668 

6 

231  Grey  sandstone ... 

3 

6 

2,985 

0 

204  Grey  fireclay 

1 

0   2,669 

6 

232  Blue  sandy  shale, 

205  Blue   shale,   with 

with    bands     of 

balls  of  ironstone  22 

0  2,691 

6 

hard     sandstone 

206  Light  blue  shale, 

containing    iron- 

with     balls     of 

stone 

1 

6 

2,986 

6 

ironstone 

7 

6  2,699 

0 

233  Grey  sandstone  . . . 

2 

0 

2,9S8 

6 

207  Blue   shale,    with 

234  Blue  sandy  shale, 

balls  of  ironstone 

5 

0  2,704 

0 

with     bands     of 

208  Dark   blue    shale, 

hard     sandstone 

with      balls      of 

containing   iron- 

ironstone 

4 

3  2,708 

3 

stone 

3 

6 

2,992 

0 

209  Black  shale 

0 

8  2,708 

11 

235  Grey  sandstone  ... 

1 

0 

2,993 

0 

Abdy  or  Winter  Goal- 

236  Blue  sandy  shale, 

seam — 

with  small  beds 

210  COAL 

1 

o  2,709  i: 

of     grey      sand- 

211 Light  blue  shale, 

stone 

7 

0 

3,000 

0 

with      balls     of 

237  Grey  shaly   sand- 

ironstone 

19 

4  2,729 

3 

stone 

3 

9 

3,003 

9 

212  Grey  sandstone... 

07 

2  2,796 

5 

238  Black  shale 

4 

5 

3,008 

•2 

213  Blue  shale 

1 

0  2,797 

5 

Ft.  In. 

214  Black  shale,  with 

Rents  Thick  Goal- 

spots  of  coal 

1 

6  2,798 

11 

seam — 

215  Blue  sandy  shale 

7 

6  2,806 

5 

239    COAL      0    4 
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Thick- 

Depth 

Thick- 

Depth 

nes 

.it' 

from 

ness 

of 

from 

No.    Description  of  Strata. 

Strata. 

Surface. 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In. 

Ft.     In. 

Ft.  In. 

258  Blue  sandy  shale 

1 

9 

3,108  10 

240    Black 

259  Blue    shale,  with 

shale 

bands     of     hard 

mixed 

sandstone      con- 

with 

taining  ironstone  12 

0 

3,120  10 

coal  ...     0    3 

260  Black  shale 

3 

6 

3,124    4 

241    Dark 

261  Blue   shale,    with 

fi  r  e  - 

bands     of    iron- 

clay ...     1     2 

stone 

8 

2 

3,132    6 

242    COAL       0     7 

262  Black  shale 

1 

0 

3,133    6 

243    Fireclay     0     2 

Barnslty     Soft     Coal- 

244    COAL       1  11 

seam — 



4 

5 

3,012 

7 

263  COAL 

1 

0 

3,134    6 

245  Strong  fireclay  ... 

1 

0 

3,013 

7 

264  Dark  fireclay . . . 

Ft.  In 

3 

6 

3,138    0 

246  Blue  sandy  shale 

4 

0 

3,017 

7 

247  Grey  shaly   sand- 

265   COAL      4    1 

stone 

10 

L0 

3,028 

5 

266    COAL 

24S  Blue    shale,   with 

and  dirt    0     4 

bands     of    hard 

267    COAL      0    4 

sandstone      con- 



4 

9 

3,142    9 

taining  ironstone  12 

4 

3,040 

9 

268  Fireclay 

2 

0 

3,144    9 

249  Blue  shale 

3 

8 

3,044 

5 

269  Blue    shale,   with 

250  Blue  sandy  shale 

6 

0 

3,050 

5 

balls  of  ironstone 

17 

9 

3,162     6 

251  Grey  sandstone ... 

6 

0 

3,056 

5 

270  Blue    shale,   with 

252  Blue  shale 

7 

0 

3,063 

5 

bands    of    iron- 

253 Blue    shale,   with 

stone 

17 

10 

3,180    4 

bands     of     hard 

271  Dark  blue  shale  .. 

0 

8 

3,181    0 

,   sandstone      con- 

Barnslty Hard   Coal- 

taining  ironstone 

14 

0 

3,077 

5 

sea?n — 

254  Blue  sandy  shale 

1 

6 

3,078 

11 

272  COAL 

4 

7 

3,185    7 

255  Grey  sandstone  . . . 

2 

6 

3,081 

5 

273  Grey    sandy   fire- 

256 Blue    shale,   with 

clay       

0 

8 

3,186    3 

bands     of     hard 

274  Grey  fireclay,  with 

sandstone      con- 

balls of  ironstone 

3 

6 

3,189    9 

taining  ironstone 

6 

0 

3,087 

5 

275  Grey  shaly  sand- 

257 Grey  sandstone... 

19 

ECT 

8 
ton 

3,107 

OF  ST! 

1 

stone      

5 

G,  I 

6 
iJou 

3,195    3 

II.— Summarized  S 

IATA 

at  No.  1  Diamond-bori:n 

THCAR. 

Thick- 

Depth 

Thick- 

Depth 

ness 

of 

from 

ness  of 

from 

Description  of  Strata. 

Strata. 

Surface. 

Description  of  Strata. 

Strata 

Surface. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In 

Ft.     In. 

Alluvium,  etc. 

32 

0 

32 

0 

Upper      Magnesian 

New  Red  Sandstone  :- 

Limestone 

53 

0 

1,322    5 

Upper  Keuper       ...  1 05 

7 

137 

7 

Middle  Marls        ...132 

9 

1,455    2 

Lower  Keuper      ...608 

7 

746 

2 

Lower      Magnesian 

Bunter        434 

4 

1,180 

6 

Limestone          ...273 

1 

1.728     3 

Permian  :  — 

Coal-measures           1,467 

0 

3,195    3 

Upper  Marls 

88 

11 

1,269 

5 

Mr.  Edward  Hull  (London)  wrote  that  the  syndicate  which  had 
carried  out  the  important  boring  at  Southcar  were  to  be  congratulated 
on  the  success  of  their  undertaking.  It  was  certainly  one  of  the  most 
important  borings  yet  made  in  the  eastward  advance  of  coal-mining 
from  the  Yorkshire  and  Derbyshire  coal-fields.  There  had  never  been 
any  doubt  but  that  all  the  coal-seams  would  be  found  under  this  part  of 
the  valley  of  the  Trent  and  adjoining  tracts  ;  the  only  questions  to  be 
solved  were  the  depths,  thickness,  and  horizontality  of  the  coal-scams 
themselves.    These  have  been  so  far  solved  by  this  experiment. 
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Mr.  G.  Dunston  said  that  the  borehole  was  13  inches  in  diameter  at 
the  surface,  and  was  gradually  reduced  to  a  core  of  about  1|  inches  at  the 
bottom  of  the  hole. 

The  Chairman  (Mr.  "W.  E.  Garforth)  remarked  that  in  the  boring  at 
Snaith  the  core  was  about  14  inches  at  the  top  and  ^  inch  at  the  bottom, 
the  depth  being  about  1,600  feet. 

Mr.  G-.  E.  Coke  (Nottingham)  said  that  at  Ruddington,  the  core 
was  4:\  inches  at  a  depth  of  1,800  feet. 

Mr.  W.  H.  Chambers  (Conisborough)  said  that  the  coal  being  softer 
than  the  overlying  strata  when  the  boring  reached  it,  there  would  be  a 
lengthening  of  the  rods  owing  to  the  less  resistance  which  would  not  be 
perceptible  at  the  top,  and  as  the  thickness  was  measured  by  the 
length  of  the  rods  the  probability  was  that  the  coals  would  be  found  to 
be  thicker  than  shown  in  the  section.  As  the  borehole  was  at  the  lower 
portion  so  much  reduced  in  diameter,  a  solid  core  of  coal  through  the 
section  was  not  obtainable,  but  the  portions  extracted  were  sufficient 
to  enable  the  character  of  the  seams  to  be  identified. 

Mr.  John  Nevin  (Mirfield)  moved  a  vote  of  thanks  to  Mr.  Dunston 
and  the  other  gentlemen  who  had  invited  the  members  to  visit  the  site 
of  the  borehole.  The  members  were  deeply  indebted  to  Mr.  Dunston  for 
affording  them  every  information  as  to  the  boring. 

Mr.  G.  E.  Coke  (Nottingham),  in  seconding  the  vote  of  thanks  to 
Mr.  Dunston,  at  the  same  time  thanked  the  members  of  the  Midland 
Institute  of  Mining,  Civil  and  Mechanical  Engineers  for  inviting  the 
members  of  the  Chesterfield  and  Midland  Counties  Institution  of  En- 
gineers to  join  in  that  visit.  The  boring  was  exceedingly  interesting  to 
him  personally,  because  he  was  superintending  a  borehole  south  of 
Nottingham.  The  Ruddington  borehole,  in  conjunction  with  other 
boreholes  put  down,  showed  that  the  strike  of  the  Coal-measures  to  the 
south  of  Nottingham  was  in  a  south-easterly  direction,  and,  of  course, 
that  tended  to  confirm  the  supposition  that  coal  extended  a  long  distance 
eastward. 

The  motion  was  cordially  approved. 

"Mr.  Dunston  said  that  from  the  commencement  of  this  under- 
taking, the  greatest  assistance,  courtesy  and  kindness  that  could  be  given 
were  given  by  professional  gentlemen  connected  with  the  mining  industry. 
They  appeared  to  be  greatly  interested  in  the  undertaking,  which  had 
been  commenced  there,  so  far  away  from  any  working  colliery.     The 
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contract  was  to  bore  to  a  deptlTof  3,000  feet,  and  when  that  distance 

was  reached   the  contractors  refused  to  accept  further  responsibility. 

There  was  a  time  of  intense  anxiety  until  the  Barnsley  coal-seam  was 

reached,   which  certainly  had  been  the  cause  of  their  meeting  that 

day,   and  seeing  what   they  had  seen.      He  was   greatly  obliged  to 

the  members  for  their  attendance  that  day,  and  for  their  hearty  vote 

of   thanks.     When  the  boring  was   completed,  the  late  Prof.  Green 

and   Mr.  Russell  took  the  roof  and  bottom  of  each  section  passed 

through,   and  samples   of   each  change  of   strata,  from  top  to  bottom 

of  the  borehole,  were  now  stored  in   three  cabinets  so  that  at  some 

future  time  one  of  the  cabinets  might  be  presented  to  The  Federated 

Institution  of  Mining  Engineers  if  they  had  room  for  them.    It  would  be 

a  useful  thing,  probably,  in  future  sinkings  if  such  samples  of  the  cores 

could  be  inspected.     The  borehole  was  blocked  below  the  sandstone, 

and  by  pumping  and  analysis  it  was  found  that  there  was  sufficient 

water  of  good  quality  to  supply  a  colliery  village. 

The  following  is  an  analysis  by  Dr.  A.  Whitelegge,  Dr.  J.  Mitchill 

Wilson,  and  Mr.  A.  H.  Allen,  of  water  from  the  Southcar  borehole  : — 

Appearance        ...         ...         ...  Clear. 

Hardness  20  2  degrees. 

Chlorine...  220  0  parts  per  million. 

Nitrates None. 

Total  solid  residiie        670-0  parts  per  million. 

Loss  on  ignition ...  150  0  ,, 

Free  ammonia    ...         ...         ...  0'158  ,, 

Albuminoid  ammonia  ...         ...  0  010  ,, 

Oxygen  consumed  in  two  hours 

at  100°  Cent 1'57 


A  meeting  was  also  held  at  the  Angel  Hotel,  Doncaster,  Mr.  John 
Nevin  in  the  chair. 

The  minutes  of  the  previous  General  Meeting  were  read  and  con- 
firmed. 

The    following    gentlemen    were    elected,    having   been   previously 

nominated  : — 

Members — 
Mr.  James  Barraclough,  Mechanical  Engineer,  29,  Raglan  Street,  Halifax. 
Mr.  Frank  F.  Forsyth,  Mining  Engineer,  Kippax  Colliery,  Leeds. 
Mr.    Henry   Arthur    Pringle,    Mining    Engineer,    Norseman,    Western 

Australia. 
Mr.  Chas.  Walker,  Mechanical  Engineer,  Grimethorpe,  Barnsley. 

Associate— 
Mr.   John  Robinson   Richardson,    Colliery  Deputy,    18,    The  Crescent, 
Micklefield. 

Student — 
Mr.  Thos.  Percy  Nicholson,  Mining  Student,  Sharon,  RotWham. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  in  the  Rooms  of  the  Literary  and  Philosophical  Society, 

Sheffield,  January  23rd,  1897. 


Mr.  G.  BLAKE  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The   following    gentlemen    were    elected,    having    been    previously 
nominated  : — 

Members — 
Mr.  Edward  S.  Benn,  Mechanical  Engineer,  36,  Peel  Street,  Morley,  Leeds. 
Mr.  Hugo  George  Henry  Green,  Mining  Engineer,  82,  Westgate,  Wakefield. 

Associate — 
Mr.  Richard  Cremer,  25,  Cookridge  Street,  Leeds. 
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CHESTERFIELD   AND  MIDLAND   COUNTIES  INSTITUTION 
OF  ENGINEERS 

AND 

MIDLAND  INSTITUTE   OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


JOINT   MEETING, 

Held  in  the  Rooms  of  the  Literary  and  Philosophical  Society, 

Sheffield,  January  23rd,  1897. 


Mr.  M.  H.  MILLS,  in  the  Chair. 

Mr.  Jonathan  Piggford  read  the  following  paper  on   "  Electric 
Haulage  at  Pleasley  Colliery  "  : — 

ELECTRIC  HAULAGE  AT  PLEASLEY  COLLIERY. 

By  JNO.  PIGGFORD. 


In  1891,  Mr.  Hendy  wrote  a  paper  describing  the  collieries  belonging 
to  the  Stanton  Ironworks  Company,  Limited,  in  which  he  referred  to  an 
electric  plant  then  recently  erected  for  the  purpose  of  working  the  under- 
ground haulage  at  Pleasley  colliery.*  The  installation  at  that  time 
having  only  been  at  work  for  a  short  period,  did  not  afford  sufficient  data 
to  enable  Mr.  Hendy  to  give  a  reliable  opinion  as  to  its  economic  effi- 
ciency, and  it  is  for  the  purpose  of  supplying  in  some  degree  this  want 
that  the  writer  describes  what  has  been  done  since  that  paper  was  printed. 
At  that  time,  the  plant  consisted  of  a  horizontal  steam-engine  with  a 
single  cylinder  20  inches  in  diameter  and  36  inches  stroke,  having  a 
piston  speed  of  170  feet  per  minute.  This  engine,  by  means  of  belts  and 
counter-shafting,  drove  a  compound-wound  Crompton  dynamo  capable  of 
yielding,  at  a  speed  of  790  revolutions  per  minute,  130  amperes,  at.  a 
pressure  of  520  volts.  Two  cables,  insulated  with  bitumen  (each  con- 
sisting of  nineteen  copper  wires  of  15  Birmingham  wire-gauge,  and 
having  an  insulating  resistance  of  300  megohms  per  mile,  and  an  outside 

*  Trans.  Fed.  Inst.  vol.  ii.,  page  537. 
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diameter  of  1  inch),  after  passing  through  the  usual  switch-board,  carry- 
ing current-indicator,  voltmeter,  main  switches,  and  fuses,  were  taken 
down  the  upcast  pit  in  solid  pitchpine  casing,  having  double  grooves, 
the  whole  being  enclosed  by  means  of  a  cover  fixed  in  front  of  the  casing. 
These  cables  conveyed  current  to  thirty- three  incandescent  lamps  of  16 
candle-power,  and  also  to  a  motor  placed  underground  developing  60 
horse-power  at  a  speed  of  570  revolutions  per  minute  (Figs.  6  and  7, 
Plate  XXIX.).  This  motor  drives  the  rope  on  the  road  marked  ABC, 
in  Fig.  1  (Plate  XXIX.),  which  is  a  plan  of  the  working-roads  of  the 
mine  at  the  time  of  its  erection.  The  plan  shows  the  distance  traversed 
by  the  rope,  the  gradients  of  this  and  other  roads  in  the  mine,  and  the 
average  tonnage  per  day  conveyed  over  the  same. 

Previous  to  the  introduction  of  electricity,  the  average  output  of  the 
district  ABC,  was  about  300  tons  per  day.  Eleven  horses  were  em- 
ployed to  convey  this  quantity,  and  as  soon  as  the  motor  commenced 
work  these  horses  were  all  withdrawn. 

The  beneficial  results  to  be  derived  from  the  application  of  the 
electric-power  system  were  soon  apparent,  and  the  experience  gained  of 
the  wear-and-tear,  taken  over  a  reasonable  period  of  time,  was  so  favour- 
able as  to  induce  the  managing-director  to  extend  it  into  other  districts 
of  the  colliery.  At  the  present  time,  forty-eight  horses  have  been  with- 
drawn from  these  districts,  the  output  has  been  increased  from  300  to 
1,500  tons  per  day,  and  the  total  output  of  the  pit  has  been  increased 
from  1,000  to  1,700  tons  per  day. 

If  the  average  purchase  cost  of  a  horse  be  £22,  and  the  average  life 
be  eight  years,  the  annual  charge  under  this  head  is  £2  15s.,  which,  on  a 
year  of  260  working  days,  gives  a  cost  of  2|d.  per  horse  per  day.  To 
which  must  be  added  2s.  for  drivers'  wages  and  Is.  10|d.  for  horse-keep, 
harness,  etc.,  making  a  total  of  4s.  Id.  per  horse  per  day,  and  this 
multiplied  by  48,  the  number  of  horses  withdrawn,  gives  a  sum  of 
£9  16s.  as  the  daily  cost  of  working  these  roads  by  horses,  supposing 
(which  is  quite  impossible  in  the  restricted  space)  that  the  number  of 
horses  withdrawn  could  have  dealt  with  the  extra  tonnage.  The  actual 
present  cost  of  working  these  roads  by  electricity  is  as  follows  : — 

£    s.      d. 
Interest  on  capital  expended  on  plant  at  10  per  cent. 

per  annum,  over  260  days  per  year  .. .         ...         ...  1     3  1 

Cost  of  haulage-ropes          ...         ...         ...         ...         ...  0  13  0 

Cost  of  coal  and  stores  for  engines           ...  04  1 

Wages            5  10  0 

Total  cost  per  day        £7  10    2 
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These  statements  show  a  saving  of  £2  5s.  lOd.  per  day,  or  £595  lGs.  8d. 
per  annum,  to  which  sum  may  fairly  be  added  interest  on  the  value  of 
horses  saved,  viz.,  £1,056,  which  at  10  per  cent,  per  annum'would  equal 
£105  12s.,  making  in  all  a  saving  of  £701  8s.  8d.  per  year. 

These  various  extensions  have  been  carried  rather  outside  the  limits 
of  reliable  working,  and  in  consequence  the  plant  is  being  rearranged  and 
duplicated,  and  when  finished  it  will  consist  of  two  horizontal  steam- 
engines,  built  by  Messrs.  Plowright  Brothers,  of  Brampton,  Chesterfield, 
each  with  two  cylinders  14  inches  in  diameter  and  30  inches  stroke, 
running  at  a  speed  of  100  revolutions  per  minute,  and  driving,  by 
means  of  belting  and  counter-shafting,  two  Crompton  compound-wound 
dynamos  (Figs.  8  and  9,  Plate  XXX.),  each  of  which  is  capable  of 
generating  current  for  driving  a  motor  of  60  horse-power.  The 
generators  are  wound  to  run  at  a  speed  of  790  revolutions  per 
minute  and  to  yield  an  output  of  120  to  130  amperes  at  a  pressure 
of  520  volts.  The  old  cables,  as  originally  fixed,  are  still  in  use, 
and  have  been  supplemented  by  a  concentric  cable  of  the  same  dimen- 
sions, lead-covered,  double-armoured,  and  braided  and  compounded, 
which  hangs  open  in  the  shaft,  being  held  in  position  by  cast-iron  clips 
secured  to  the  sides  of  the  shaft  by  wrought-iron  spikes,  driven  into 
wooden  plugs,  for  which  holes  were  bored  in  the  brickwork.  A  section 
of  this  cable  (Fig.  2),  showing  the  insulation  and  armour,  and  a  plan  and 
section  of  the  clip  for  carrying  the  same  in  the  shaft,  are  shown  in  Figs. 
3  and  4  (Plate  XXIX.). 

At  the  present  time,  the  old  cable  only  is  in  use,  and  conveys  electric 
energy  to  four  motors  in  various  parts  of  the  pit,  the  location  of  each 
being  shown  by  the  letters  A,  B,  E,  G  in  Fig.  5  (Plate  XXIX.),  Fig  5 
being  a  plan  of  the  underground  roads  at  the  present  moment.  This 
cable  also  supplies  current  to  138  sixteen  candle-power  incandescent 
lamps,  which  are  distributed  as  follows  : — Dynamo-house,  10  ;  engine 
and  boiler-houses  on  surface,  16  ;  top  of  pits,  16  ;  screens  and  sorting- 
belts,  20  ;  workshops,  24  ;  offices,  12  ;  pit-bottom  and  main  roads,  32  ; 
motor-houses,  7  ;  and  office,  1  ;  a  total  of  138  lamps. 

At  the  terminals  of  the  cables  in  the  motor-house  A,  the  necessary 
controlling-switches,  a  current-indicator  and  voltmeter  are  fixed.  The 
switches  are  arranged  so  that  the  field-magnet  circuit  of  this  motor 
(which  is  shunt-wound)  is  never  disconnected  from  the  circuit,  and  is, 
therefore,  always  excited  whenever  the  dynamo  at  the  top  is  connected 
and  running.     There  are  two  switches,  one  of  which  controls  a  large 
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resistance-frame,  so  that  the  speed  can  be  varied  at  will  whilst  starting, 
and  the  other  is  used  for  switching-off  the  main  current.  The  separate 
switches  are  provided  with  but  one  handle,  which  cannot  be  removed 
from  the  main-switch  in  order  to  work  the  regulating-switch,  unless  the 
former  is  on,  whilst  vice  versa  it  cannot  be  taken  from  the  regulating- 
switch  in  order  to  work  the  main  one  until  the  regulating-switch  has 
been  put  into  the  position  which  corresponds  to  the  lowest  speed. 

The  resistance-switch  is  not  provided  for  the  purpose  of  running  the 
motor  continuously  at  low  speeds,  but  simply  for  convenience  in  starting, 
and  to  allow  of  running  at  a  very  low  speed  occasionally,  if  required,  in 
case  of  accident  to  rope  or  tubs. 

The  motor  A  is  arranged  to  work  with  about  120  to  130  amperes, 
at  a  pressure  of  460  volts,  at  a  speed  of  570  revolutions  per  minute,  and 
develops  60  horse-power.  It  is  connected  to  the  pulley  which  drives  the 
endless-rope  by  means  of  two  counter-shafts  :  the  first  transmission  being 
by  cotton  belting,  and  the  other  by  spur-gearing  (Figs.  6  and  7, 
Plate  XXIX.). 

Three  motors  are  also  working  endless-ropes  on  inclines,  mostly  in 
favour  of  the  load :  two  of  these  are  easily  capable  of  developing  5  horse- 
power, and  the  other  10  horse-power.  These  types  of  motors,  with  their 
haulage-gear,  are  shown  respectively  in  Figs.  10,  11  (Plate  XXIX.),  12, 
and  13  (Plate  XXX.).  They  are  compound-wound,  compound  winding 
being  found  most  convenient,  as  in  case  of  accident  or  overload  it  prevents 
the  motors  from  losing  their  fields,  and  consequently  their  power  of 
hauling. 

The  switching  arrangements  for  these  motors  are  not  quite  the  same 
as  those  for  the  larger  motor,  the  shunt-winding  not  being  always  con- 
nected to  the  mains.  They  are  provided  with  a  combined  starting  and 
controlling-switch,  which  always  connects  and  fully  excites  the  field- 
magnets  before  any  large  current  is  put  through  the  armature.  This 
arrangement  ensures  easy  starting  under  full  load  without  an  excessive 
rush  of  current,  and  consequent  flashing  of  the  brushes. 

The  incandescent  lamps  are  supplied  from  the  cable  which  affords  cur- 
rent to  the  motors,  and  are  worked  four  in  series  ;  the  lighting,  of  course, 
is  not  absolutely  steady,  but  it  is  sufficient  for  all  practical  purposes. 

The  compound  winding  of  the  dynamos  is  arranged,  as  far  as  possible, 
so  that  the  potential  at  the  pit-bottom  shall  be  sustained  approximately 
constant,  no  matter  whether  the  motors  are  on  or  off. 

In  carrying  out  the  present  extensions  it  is  proposed  to  run  both  sets 
of  plant  in  the  engine-room,  one  supplying  the  large  motor  direct,  and 
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the  other  one  the  lights  and  the  three  small  motors,  as  well  as  another 
10  horse-power  motor  intended  to  be  placed  at  the  point  F  (Fig.  5, 
Plate  XXIX.),  and  to  be  used  for  hauling  coal  up  the  dip  road  F  H. 
Arrangements  are  also  being  made  to  work  another  rope  off  the  large 
motor  to  serve  the  road  K. 

In  connexion  with  this  distribution  of  power,  a  system  of  switches  is 
being  arranged  (Figs.  14  and  15,  Plate  XXIX.)  by  which  any  of  the  motors 
can  be  switched  into  either  pair  of  cables,  and  also  either  pair  of  cables 
can  be  put  on  to  either  dynamo,  but  under  no  circumstance  can  both 
dynamos  be  put  on  to  one  cable. 

It  should  be  mentioned  that  the  large  motor  and  the  two  dynamos 
are  of  the  same  dimensions,  so  that  their  armatures  are  interchangeable. 
Both  the  types  of  small  motors  are  also  built  on  the  same  lines,  so  that 
all  parts  are  duplicates,  and,  of  course,  interchangeable. 

The  whole  of  the  dynamos  and  motors  have  been  fitted  from  the  first 
with  carbon  brushes,  which  have  given  the  greatest  satisfaction,  the  first 
generator  and  large  motor  never  having  been  re-turned  since  they  were 
started  in  January,  1891. 

The  losses  and  horse-power  of  the  system,  as  now  worked,  are  shown 
in  Table  II.,  the  distribution  of  power  in  Table  I.,  the  dates  of  the 
various  installations  and  outputs  of  coal  in  Table  III.,  and  the  costs  of 
working  in  Table  IV. 

APPENDICES. 
Table  I. — Distribution  of  the  Electric  Power. 
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Table  II. — The  Percentages  of  Losses  and  Horse-power  of  each  Part 

of  the  System. 


Horse-power. 

Per  Cent 

Engine  and  large  pulley     ... 

13-10 

15-60 

Dynamo,  cable,  and  138  lights     ... 

25-42 

30-26 

Motors           ...         ...         

6-02 

717 

Gearing  and  empty  ropes  ... 

23-32 

27-76 

Load    ... 

16-14 

84-OJ 

19-21 

Totals         

100-00 

Table  III. — Dates  of  Erection  and  Outputs  of  Coal. 
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Table  IV.— Costs  of  Worklng,  etc. 
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Mr.  J.  A.  Longden  (Stanton)  said  it  seemed  to  him  that  Mr.  Piggford 
had  not  obtained  the  economy  that  he  ought  to  have  done.  Mr.  Piggf  ord 
took  the  horse-keep  at  Is.  10^d.  per  day,  or  reckoning  on  5  days'  of  work 
per  week,  it  amounted  to  9s.  6d.  per  week,  which  seemed  excessive.  The 
total  weight  of  wire-rope  in  use  was  13  tons,  at  30s.  a  cwt.,  and  the  life  of 
the  ropes  being  reckoned  3  years,  which  was  rather  low,  he  obtained  a 
cost  of  10s.  a  day  when  divided  by  260  working  days.  So  far  as  those  items 
were  concerned  he  thought  that  the  saving  should  be  considerably  more 
than-  £700  per  annum.  It  was  an  unusual  thing  for  economies  to  be 
under-estimated.  He  hoped  that  Mr.  Piggford  would  obtain  much 
greater  economy  than  was  shown  in  his  paper. 

Mr.  St.  John  Durnford  (Acton  Hall  colliery)  said  that  the  over- 
estimation  of  the  horse-keep  would  go  against  the  argument  that  the 
economy  had  been  under-estimated.  Electric  haulage  had  been  installed 
at  Acton  Hall  colliery,  and  with  an  output  of  1,200  tons  a  day  from  one 
pit,  they  had  reduced  the  horses  from  40  to  32  in  the  first  six  months  that 
the  electric  haulage  had  been  in  operation.  There  seemed  to  be  no  doubt 
that  electric  haulage  was  the  cheapest  haulage  that  could  be  used  under- 
ground. The  cables  were  hung  in  the  shaft  (1,200  feet  deep)  at  Acton 
Hall  colliery  from  top  to  bottom  without  any  intervening  supports.  This 
arrangement  was  adopted  because  the  cable  was  strong  enough  to  hang 
alone,  and  if  anything  fell  down  the  pit  it  did  not  catch  or  damage  the 
cables. 

Mr.  Snow  (Hickleton  Main  colliery)  stated  that  the  electric  haulage 
at  Hickleton  Main  colliery  was  subject  to  breakdowns,  possibly  owing  to 
the  machinery  being  built,  without  a  sufficient  reserve  of  power  for  the 
work  required.    The  loss  on  the  cables  and  motors  was  about  20  per  cent. 

Mr.  A.  A.  Atkinson  (Barrow  collieries)  enquired  whether  the  75  per 
cent,  of  efficiency  shown  in  Table  I  was  the  amount  of  useful  work  got 
out  of  the  steam  engine.  If  so,  electricity  was  a  more  economical 
source  of  power  than  compressed  air,  which  usually  had  an  efficiency 
varying  from  25  to  40  per  cent. 

Mr.  Ohurton  (Leeds)  enquired  as  to  the  amount  of  the  loss  of  power 
between  the  motor  and  the  rope-drums,  what  was  the  diameter  of  the 
rope-drums,  and  what  was  the  speed  of  the  ropes  ? 

Mr.  R.  Holliday  (Acton  Hall  colliery)  remarked  that  Mr.  Piggford 
stated  that  the  magnet  circuit  of  the  large  motor  coupled  direct  to  the 
cables  was  not  separated  when  they  switched  off.     Had  they  had  any 
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accident  when  turning  off  the  current  at  the  engine-room  ?  There  would 
be  a  very  powerful  induced  current,  and  at  Acton  Hall  colliery  a  work- 
man had  been  very  severely  injured  by  this  current. 

The  Chairman  (Mr.  M.  H.  Mills)  was  of  opinion  that  there  was  much 
more  loss  between  the  engine  and  the  electric  motor  than  was  generally 
supposed.  Mr.  Piggford  stated  that  "  the  resistance-switch  is  not 
provided  for  the  purpose  of  running  the  motor  continuously  at  low 
speeds,  but  simply  for  convenience  in  starting,  and  to  allow  of  running 
at  a  very  low  speed  occasionally,  if  required,  in  case  of  accident  to  rope 
or  tubs."  This  resistance-switch  must  of  necessity  waste  some  power. 
What  with  tubs  going  off  the  road,  and  starting  and  stopping,  there 
must  be  a  greater  loss  than  was  shown  by  Mr.  Piggford.  He  should  like 
Mr.  Piggford  to  make  a  comparison  between  the  use  of  compressed  air 
and  electricity. 

Mr.  G.  J.  Binns  (Netherseal)  enquired  whether  the  small  motors  were 
continuous-running,  and  whether  the  author  of  the  paper  thought  the 
adoption  of  a  number  of  small  motors,  which  would  be  frequently 
stopped  and  started,  and  might  be  all  standing,  or  all  running  at  once, 
would  be  favourably  circumstanced  for  electric  haulage. 

Mr.  Piggford,  replying  to  the  discussion,  stated  that  the  horse- 
keep  was  reckoned  at  8s.  a  week  ordinarily,  and  that  for  5  days  was 
Is.  7'20d.  per  day  ;  harness  and  repairs  averaged  l"15d.  per  day  ;  horse- 
keep,  which  included  horse-keeper's  attendance,  was  2"15d.  ;  making  in 
all  Is.  10'50d.  per  day.  The  cost  of  ropes  was  no  doubi  slightly  under- 
estimated, but  he  did  not  want  to  make  the  resulting  economy  appear 
more  favourable  than  it  was  in  reality.  There  were  24,732  feet  of  rope  in 
use,  weighing  13  tons.  He  had  allowed  10  per  cent,  on  the  cost  of  the 
installation,  including  the  ropes.  He  had  taken  the  whole  cost,  and 
taken  the  life  of  the  rope  at  3  years,  which  was  a  low  period,  but  one 
of  the  ropes  was  working  under  extreme  conditions.  The  life  of  that 
rope  was  not  a  long  one,  but  3  years  was  well  within  the  mark — 
that  worked  out  to  13s.  per  day.  Mr.  Durnford  said  that  the  number  of 
horses  at  Ackton  Hall  colliery  had  been  reduced  from  40  to  32,  a  small 
saving.  It  was  probable-  that  the  breakdowns  at  Hickleton  Main 
collieries  arose  from  taxing  the  machinery  too  heavily.  Electrical 
machines  must  not  be  worked  to  the  full  extent,  otherwise  breakdowns 
would  ensue.  The  electric  plant  at  the  Pleasley  collieries  was  not 
worked  to  anything  like  what  the  motors  were  wound  to  yield,  and  hence 
the  safety   and  freedom   from  breakdowns.      Mr.    Mills   had    got  an 
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erroneous  idea  with  respect  to  the  resistance,  which  was  only  used  when 
starting  the  machine,  and  was  switched  out  when  speed  was  attained. 
The  loss  in  the  cable,  according  to  Table  I.  of  experiments,  was  about 
6 '30  horse-power,  or  about  1\  per  cent.  The  loss  by  friction  in  the 
gearing,  etc.,  had  not  been  separately  determined  by  experiment.  Table 
II.  showed  how  the  power  was  utilized.  There  had  been  no  accident  such 
as  that  described  by  Mr.  Holliday.  The  75  per  cent,  referred  to  by  Mr. 
Atkinson  was  the  ratio  between  the  horse-power  produced  by  the  dynamo 
and  the  indicated  horse-power  of  the  engine. 

Mr.  Churton  remarked  that  it  was  possible  to  have  a  high  efficiency 
from  motor  and  dynamo,  and  still  experience  considerable  loss  in  reducing 
from  a  high  to  a  lower  speed. 

Mr.  Piggford  said  that  all  the  endless  ropes  were  run  at  about  the 
same  speed.  The  10  horse-power  motor  ran  at  1*78  miles  per  hour ;  the 
two  small  motors,  of  5  horse-power,  ran  at  T82  miles  per  hour ;  and 
the  big  motor  at  1*89  miles  per  hour. 

The  Chairman  (Mr.  M.  H.  Mills)  moved  a  vote  of  thanks  to  Mr. 
Piggford  for  bringing  the  subject  of  electric  haulage  before  them.  It  was 
a  matter  of  increasing  interest — all  of  the  members  were  thinking 
whether  it  would  not  be  advisable  to  use  electricity  instead  of  compressed 
air  or  steam,  or  any  other  source  of  power. 

The  resolution  was  agreed  to. 


Mr.  Henry  E.  Maltby  read  the  following  paper  on  "  The  Enlarge- 
ment of  a  Shaft  at  Liclgett  Colliery,  without  Interruption  of  Coal- 
winding"  : — 
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THE  ENLARGEMENT  OF  A  SHAFT  AT  LIDGETT  COLLIERY, 
WITHOUT  INTERRUPTION  OF  COAL-WINDING. 


By  HENRY  E.  MALTBY. 


There  are  some  engineering  operations  which  are  interesting,  and  per- 
haps worth  recording,  not  so  much  from  the  magnitude  and  importance 
of  the  work  as  from  their  unusual  character,  and  from  the  special  difficul- 
ties encountered  in  carrying  them  out  under  conditions  which  are  some- 
what novel. 

The  coal  at  Lidgett  colliery  was  until  recently  drawn  up  two  circular 
shafts,  each  7  feet  in  diameter,  situated  510  feet  apart,  with  the  winding- 
engine  placed  midway  between  them.  Both  shafts  were  worked  from  the 
same  drum,  and  in  each  of  them  a  single-decked  cage  holding  two  tubs 
was  placed.  This  arrangement  was  originally  laid  out  for  the  winding  of 
ironstone,  and  for  such  purpose  was  no  doubt  suitable,  but  for  the  wind- 
ing and  screening  of  coal  it  could  not  be  considered  either  convenient  or 
economical. 

As  the  output  of  the  colliery  increased,  it  became  a  matter  of  the 
greatest  importance  that  the  whole  of  the  coal  should  be  drawn  and  dealt 
with  at  one  point.  This  change  necessitated  either  the  sinking  of  a  new 
shaft,  or  the  enlarging  of  the  small  one  near  the  screens,  and  the  latter 
arrangement  was  decided  upon  owing  to  the  difficulty  of  sinking  a  shaft 
suitable  for  the  levels  underground  from  a  point  sufficiently  near  the 
screens  to  be  convenient  for  banking. 

The  widening  of  a  shaft  without  interfering  with  the  daily  drawing  of 
coal  would  under  any  circumstances  have  been  an  undertaking  of  some- 
what difficult  character,  but  it  was  rendered  more  onerous  in  this  case 
owing  to  the  presence  in  the  shaft  of  a  column  of  air-pipes  (7  inches  in 
diameter),  which  it  was  of  the  utmost  importance  should  not  be  broken, 
together  with  a  rising  water-main  (5  inches  in  diameter),  and  electric 
cables  (Fig.  1,  Plate  XXXI.). 

The  shaft  is  225  feet  deep  to  the  Lidgett  coal-seam,  and  with  the 
exception  of  27  feet  at  the  top,  which  was  made  ground,  was  put  down 
through  strata  sufficiently  hard  to  require  blasting. 

It  was  thought  that  by  making  the  enlarged  shaft  of  a  rectangular 
shape,  and  lining  it  with  timber,  the  sides  could  be  more  promptly 
secured,  the  pipes  and  conductors  more  easily  kept  in  position,  and  the 
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operation  as  a  whole  conducted  with  greater  safety,  than  if  made  circular 
in  shape  and  lined  with  brickwork.  The  shaft  was  laid  off  for  widening 
each  night  from  6  p.m.  until  4  a.m.  of  the  following  morning,  and  on 
Saturday  afternoon  from  4  p.m.  until  4  a.m.  on  Monday  morning.  The 
work  was  commenced  on  May  5th,  1896.  It  will  be  seen  on  reference  to 
the  drawings  (Fig.  2,  Plate  XXI.)  that  the  enlargement  was  not  made 
equally  all  round  the  old  shaft,  but  that  the  greater  part  was  excavated 
from  the  side  farthest  away  from  the  pipes,  this  arrangement  affording  a 
threefold  advantage  : — The  pipes  were  to  some  extent  clear  of  the  shots, 
the  workmen  had  a  deep  ledge  to  stand  upon  when  dressing  the  corners, 
and  as  much  ground  was  left  for  the  explosive  to  work  in  as  possible. 

The  shaft  was  enlu-ged  to  a  sufficient  size  to  allow  of  oaken  frames, 
made  of  timber,  6  inches  square— the  side  pieces  being  11  feet  1  inch  long 
and  the  end  pieces  9  feet  long — being  put  in  ;  the  first  frame  was  bolted 
immediately  to  and  under  strong  baulks  fixed  across  the  pit-mouth,  the 
other  frames  being  hung  by  bolts  from  the  frame  above.  The  frames 
were  spaced  3  feet  apart  in  bad  ground,  4^  feet  apart  in  moderately  strong 
ground,  and  6  feet  apart  in  hard  ground,  and  were  lined  at  the  back 
with  backing-deals,  1  inch  in  thickness  (Figs.  3  and  4,  Plate  XXXI.) . 

The  pipes  were  secured  in  position  by  a  piece  of  timber  (6  inches  by 
5  inches)  bolted  to  the  side-pieces  of  the  frame,  collars  being  fastened 
across  from  this  timber  to  the  end-piece,  bevelled  to  fit  the  pipes,  these 
supports  being  pi  iced  when  necessary. 

It  was  essential  that  the  two  ranges  of  wooden  conductors  which  had 
to  be  used  every  day  for  guiding  the  cage  should  not  be  damaged,  but 
securely  fastened  in  their  proper  position,  and  this  was  done  by  bolting 
one  of  them  on  to  the  side  piece  of  the  frame,  the  other  being  bolted  to 
a  piece  of  timber  (6  inches  by  4  inches)  fixed  from  the  end  piece  to  the 
piece  supporting  the  pipes.  On  the  completion  of  the  widening  of  the 
shaft  this  piece  was  moved  on  the  same  timbers  to  the  middle  of  the  shaft, 
and  there  fastened  as  a  strengthening  piece  (Figs.  1  and  2,  Plate  XXXL). 

A  wooden  cover  of  the  same  size  as  the  old  shaft  was  made  to  fit  the 
top  of  the  cage,  and,  when  lowered  to  the  place  where  the  widening  was 
being  done,  acted  as  a  platform  on  which  the  men  could  work  (Fig.  4, 
Plate  XXXI.). 

Before  any  shots  were  fired,  the  cage  was  lowered  to  form  a  scaffold 
on  which  the  material  blasted  could  fall,  and  to  prevent  any  of  it  from 
falling  down  the  pit.  The  stone  was  drawn  by  a  sinking-engine  and  kibble, 
the  engine  being  fixed  at  right -angles  to  the  winding-rope  and  clear  of 
the  pit-bank,  the  rope  running  over  a  small  pulley  fixed  in  the  headgear. 
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The  pit-mouth  was  covered  by  a  bridge,  running  on  rails,  which  were 
hinged  at  a  point  clear  of  the  shaft,  so  that  when  the  cage  came  to  bank 
the  rails  could  be  pulled  over  clear  of  the  shaft ;  when  the  kibble  came  to 
bank  the  rails  were  placed  over  the  pit,  and  the  bridge  run  over  them. 
The  rails  were  mounted  on  a  strong  wooden  frame  so  as  to  be  easily 
placed  in  position  at  night  and  removed  at  the  end  of  the  shift  in  the 
morning. 

The  rope  was  run  down,  kibble  attached,  cover  fixed  on  cage,  bridge 
fixed  in  position,  and  the  shaft  changed  from  a  winding  to  a  sinking  one 
in  about  10  minutes. 

Gunpowder  was  used  for  blasting,  and  was  fired  by  electricity,  either 
from  a  battery  or  the  lighting-cables,  and  the  sinkers  had  the  advantage 
of  the  electric  light  when  at  their  work. 

The  work  occupied  four  months,  and  was  completed  without  accident 
of  any  kind  and  without  the  pit  losing  an  hour  of  its  ordinary  drawing 
time.  The  depth  sunk  during  each  week  averaged  13i  feet.  The  labour 
cost  was  £2  6s.  8d.  per  foot,  which  is  of  course  high  for  the  amount  of 
material  excavated  when  compared  with  an  ordinary  sinking-pit :  but 
when  the  time  necessary  to  prepare  for  commencing  work  every  after- 
noon, and  putting  conductors  in  for  the  pit  to  draw  coal  at  the  end  of 
each  shift  is  considered,  it  may  be  deemed  moderate.  The  securing  of 
the  pipes  also  required  time  and  care. 

The  fact  that  the  work  was  completed  without  injury  to  life  or  limb, 
and  without  even  breaking  a  pipe,  reflects  great  credit  on  the  contractor, 
Mr.  Henry  Joyner,  of  Barnsley. 

References  to  Plate  XXXI. 
Fig.  1  is  a  plan  of  the  old  shaft ; 
Fig.  2  is  a  plan  of  the  widening  of  the  shaft ; 
Fig.  3  is  an  end  view,  during  the  widening  of  the  shaft  ; 
Fig.  4  is  a  side  view,  during  the  widening  of  the  shaft  ;  and 
Fig.  5  is  a  plan  of  the  finished  shaft. 

The  Chairman  (Mr.,  M.  H.  Mills)  said  that  Mr.  Maltby's  paper 
contained  a  record  of  work  which  had  been  ingeniously  carried  out.  The 
shaft  was  not  deep,  so  that  there  was  no  danger  in  using  a  square  shaft, 
otherwise  for  greater  depths,  a  square  shaft  would  not  have  been 
advisable. 

A  vote  of  thanks  was  accorded  to  Mr.  Maltby  for  his  paper. 
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THE  FEDERATED  INSTITUTION  OF  MINING  ENGINEERS. 


GENERAL  MEETING, 

Held  in  the  Lord  Mayor's  Parlour,  Town  Hall,  Manchester, 

February  17th,  1897. 


Mr.  LINDSAY  WOOD,  President,  in  the  Chair. 


Aid.  Hopkinson  said  that  he  was  deputed  by  the  Lord  Mayor  (Aid. 
J.  Foulkes  Roberts)  to  express  his  great  regret  that  he  was  unable  to  bid 
the  members  welcome  to  Manchester.  He  had  hoped  to  be  at  liberty  for 
the  purpose  of  welcoming  the  Institution,  but  he  was  engaged  in  such  a 
way  that  he  could  not  do  so. 

The  Peesident  said  that  the  members  were  sorry  that  the  Lord  Mayor 
was  not  able  to  attend  the  meeting.  He  had  pleasure  in  moving  a  vote 
of  thanks  to  the  Lord  Mayor  for  allowing  the  members  to  have  the  use 
of  his  room  for  their  meeting. 

The  vote  was  carried  by  acclamation. 


DISCUSSION  UPON  MR.  H.  BRAM WELL'S  PAPER  ON  "THE 
COMPOUND  WINDING-ENGINE  AT  THE  GREAT  WEST- 
ERN COLLIERY  COMPANY'S  TYMAWR  PIT  :  WITH 
NOTES  ON  ITS  COMPARATIVE  STEAM  ECONOMY."* 

Mr.  J.  Gregory  said  that  it  would  be  interesting  to  know  what 
system  of  guides  was  adopted  at  the  pit  in  question.  It  appeared 
to  him  that  in  the  case  of  a  deep  pit  fitted  with  wire-rope  guides,  the 

*  Trans.  Fed.  Inst.,  vol.  xii.,  page  282. 
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system  of  compounding  the  engines  described  by  Mr.  Bramwell  would  be 
useless,  on  account  of  the  swaying  set  up  by  the  irregular  motion  of  the 
engine,  and  it  would  be  seen  from  Mr.  Bramwell's  paper  that  some  little 
trouble  had  been  experienced  on  that  account.  A  preferable  arrangement 
would  be  to  place  the  high-  and  low-pressure  cylinders,  tandem-fashion, 
on  each  side  of  the  winding-drum  in  a  manner  similar  to  that  adopted  at 
the  Sneyd  colliery,  Burslem.  The  compound  winding-engine  would  then 
be  as  well  balanced  as  an  ordinary  high-pressure  engine,  and  the  com- 
plication introduced  by  using  an  additional  lever  to  introduce  high- 
pressure  steam  to  the  low-pressure  cylinder  would  be  avoided. 

Mr.  W.  Galloway  said  that  perhaps  Mr.  Gregory  had  not  read  his 
paper,  published  before  Mr.  Bramwell's,  in  which  he  described  a  tandem 
compound  winding-engine.* 

Mr.  Gregory  said  that  he  had  formed  the  idea  that,  having  a  high- 
pressure  cylinder  on  one  side  and  a  low-pressure  on  the  other  side, 
considerable  swaying  of  the  ropes  would  be  produced. 

Mr.  W.  Galloway  said  that  he  had  visited  the  Great  Western  colliery 
a  few  days  ago,  and,  although  it  was  1,440  feet  deep,  there  was  no 
unusual  vibration  of  the  winding-ropes. 

Mr.  B.  Woodworth  said  that,  with  two  cylindered  compound 
winding-engines,  tolerable  steady  running  was  obtained  when  the  effective 
work  of  each  cylinder  was  almost  equal.  As  a  good  speed  was  attained 
by  the  Tymawr  pit  winding-engine  before  the  expansion-gear  came  into 
action,  the  weights  of  matter  in  motion  ensured  steadiness  afterwards, 
but  he  preferred  the  double  tandem  arrangement  with  the  cut-off  brought 
into  action  at  the  earliest  possible  moment.  "With  a  suitable  adjustment 
of  the  main  valves  and  gear,  the  results  obtained  without  cut-off  at  the 
Hetty  pit  winding-engine  would  have  been  equally  efficient,  as  the  cut-off 
was  as  low  as  50  per  cent,  and  too  late  in  its  action.  He  had  seen  a 
large  winding- engine,  where  the  expansion-gear  came  into  action  after  75 
per  cent,  of  the  work  had  been  done. 

Mr.  W.  Galloway  said  that  when  he  visited  Tymawr  recently,  he 
was  told  they  intended  to  put  a  cut-off  on  the  low-pressure  cylinder  and 
hoped  to  attain  the  results  which  Mr.  Woodworth  anticipated  would 
ensue. 

Mr.  H.  Bramwell  (Great  Western  collieries),  replying  to  the  discus- 
sion, wrote  that  the  Tymawr  shaft  was  fitted  with  rope-guides,  and 

*  Trans.  Fed.  Inst.,  vol.  xi.,  page  207. 
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THE   COST    AND   EFFICIENCY    OF   SAFETY-EXPLOSIVES 
AS   COMPARED   WITH    GUNPOWDER. 


By  H.    HALL,   H.M.    Inspectok  of  Mines. 


In  view  of  the  Explosives  in  Coal  Mines  Order  recently  issued  by  the 
Secretary  of  State,  which  will  shortly  come  into  operation,  the  writer 
believes  that  any  reliable  information  as  to  the  cost  and  efficiency  of  what 
have  been  named  in  that  order  "permitted  explosives,"  will  be  of  interest 
and  acceptable  to  the  members. 

The  members  are  no  doubt  aware  that  the  "  permitted  explosives  " 
have  been  selected  as  being  the  most  suitable  and  reliable  in  the  light  of 
present  knowledge  ;  some  may  eventually  have  to  be  dispensed  with,  and 
others  may  take  their  place,  but  the  writer  does  not  propose  to  discuss 
here  the  expediency  of  the  selection.  He  wishes  simply  to  put  the 
members  in  possession  of  the  best  information  obtainable  as  to  their 
practical  efficiency  and  cost  in  mines  where  they  have  already  been 
adopted. 

The  West  Lancashire  mines  inspection-district  has  been  the  cradle  and 
battlefield  of  what  are  termed  safety-explosives.  Roburite  manufactured 
near  Wigan  has  borne  the  brunt  of  the  fight,  and  has  survived  strikes 
and  opposition  on  all  sides,  until  now  it,  or  some  of  the  younger  "  ites," 
have  ousted  and  taken  the  place  of  gunpowder  in  all  the  larger  collieries, 
and  it  is  here  alone  that  the  practical  effect  of  the  change  has  been  fully 
realized. 

At  the  risk  of  trespassing  on  the  good  nature  of  the  managers  of  the 
different  works,  statistics  have  been  asked  for  and  obtained  which  show 
an  actual  comparison  between  a  period  of  one  year  during  which  gun- 
powder was  the  blasting  agent  and  a  similar  period  under  the  new  regime 
of  safety-explosives. 

The  outlay  for  explosives  and  the  production  of  round  coal  under  the 
two  systems  have  been  carefully  taken  from  the  colliery  accounts,  the  last 
whole  year  in  which  gunpowder  was  used  being  selected  for  such  examina- 
tion in  the  one  case,  and  the  year  1890  for  the  safety-explosives.  The 
same  seam,  or  the  same  colliery  as  a  whole,  is  in  each  instance  compared 
for  the  two  periods. 
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The  extraction  of  these  figures  from  the  accounts  has  no  doubt  taken 
considerable  time  and  trouble,  and  it  has  only  been  the  fear  of  giving  this 
trouble  which  has  limited  the  enquiry  to  some  twenty  firms,  but  when  it 
is  seen  that  the  statistics  in  each  individual  case  prove  almost  identical 
facts,  the  writer  submits  that  the  conclusions  can  hardly  be  called  in 
question.  The  enquiry  embraces  mines  giving  an  annual  output  of 
5,000,000  tons,  and  in  several  instances  the  experience  with  safety-explo- 
sives extends  to  eight  or  nine  years. 

A  form  (Appendix  A)  was  issued  to  obtain  the  necessary  particulars 
for  comparison,  and  the  returns  are  tabulated  ;  the  marginal  notes  explain- 
ing the  reason  of  omissions  and  blanks  which  appear  in  Table  I. 

It  is  somewhat  difficult  to  analyse  and  fix  with  certainty  the  precise 
results  of  the  statistics  contained  in  Table  I.,  but  averaging  the  figures 
of  the  cost  per  ton  for  explosives  (column  9),  we  get  an  average  cost  per 
ton  for  gunpowder  of  0*61d.,  and  for  safety-explosives  of  0'92d.,  or 
0'31d.  more  for  safety-explosives  than  gunpowder,  and  we  may  argue  from 
this,  that  whatever  the  cost  of  blasting  with  gunpowder  has  been  in  a 
particular  seam,  that  cost  will  be  increased  by  one-half  by  changing  to 
safety -explosives. 

Dealing  with  the  percentages  of  round  coal  in  the  same  manner 
(column  12)  we  get  an  average  of  G2#2  per  cent,  of  round  coal  with  gun- 
powder, and  an  average  of  62'0  per  cent,  for  safety-explosives. 

Personally,  the  writer  believes  from  his  experience  that  the  addition 
of  0'31d.  to  the  explosive  cost  per  ton  as  deduced  from  the  figures  is,  as 
an  average,  almost  absolutely  correct.  He  believes  the  actual  effect  on 
the  production  of  round  coal  by  the  change  to  be  much  more  difficult 
to  determine,  in  consequence  of  recent  changes  in  the  methods  of 
screening  and  cleaning  coal  and  the  varying  conditions  of  the  mines  at 
different  periods.  He  was  not  prepared  to  find,  as  the  figures  seemed  to 
show,  that  there  was  as  good  a  percentage  of  round  coal  with  safety- 
explosives  as  with  gunpowder. 

This  enquiry  has  been  confined  to  coal-getting,  as  no  one  will  be  likely 
to  question  the  economy  of  the  safety  class  of  explosive  for  stone-work. 
In  taking  down  rock  there  is  an  advantage  of  at  least  25  per  cent,  over 
gunpowder.  A  case  was  pointed  oat  to  the  writer  a  day  or  two  ago, 
where  in  a  rock-canch  2  feet  thick  by  7  feet  wide,  both  classes  of 
explosive  had  been  tried,  and  the  work  progressed  almost  twice  as  fast 
with  ammonite  as  with  gunpowder.  In  metals,  the  one  class  is  quite 
equal  to  the  other. 
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The  fumes  from  safety-explosives  have  not  proved  to  be  injurious, 
although  when  first  introduced  there  was  some  difficulty  with  the  work- 
nun  on  that  ground,  but  this  opposition  had  now  entirely  died  away. 
The  fumes  are  much  less  dense  than  those  of  gunpowder,  and  are  more 
rapidly  carried  away  by  the  ventilating  air-current. 

The  general  conclusion  to  be  drawn  from  the  statistics  which  the 
writer  has  had  the  privilege  of  submitting  to  the  members  must  be,  that 
the  practical  effect  of  the  "  Explosives  in  Coal  Mines  Order  "  will  by  no 
means  prove  so  formidable  from  a  commercial  point  of  view  as  has  been 
represented  in  some  quarters ;  and  he  estimated  that  a  sum  substantially 
less  than  one  penny  per  ton  will  defray  the  whole  cost. 

Mine-owners  have  not  been  severely  dealt  with  in  the  matter  of 
legislation  during  the  past  twenty  years.  It  would  be  difficult  to  point 
to  any  legal  requirement  which  a  prudent  miner  would  not  of  his  own 
option  have  adopted  in  the  absence  of  legislation  which  has  added 
materially  to  cost. 

Under  the  head  of  efficiency  of  the  two  classes  of  explosives,  it  is 
legitimate  to  consider  the  still  more  important  question  of  safety. 

With  this  view,  the  writer  proposes  to  compare  the  West  Lancashire 
mines  inspection-district — one  notoriously  fiery,  and  where  safety-explo- 
sives, safety-lamps,  and  official  shot-firers  have  become  the  rule — with 
Northumberland,  a  district  specially  favoured  by  nature,  where  as  yet  in 
the  steam-coal  collieries  none  of  these  safeguards  have  been  introduced, 
and  where  candles,  gunpowder,  and  collier  shot-firers  still  prevail. 

There  appears  to  be  a  serious  misconception  with  regard  to  Northum- 
berland. It  has  been  asserted  that  fire-damp  explosions  are  almost 
unknown,  and  that  accidents  with  explosives  are  so  rare,  and  so  trifling, 
that  any  change  of  method  is  uncalled  for,  and  could  only  make  matters 
worse  in  that  district. 

Table  II.  shows  that  in  the  Northumberland  district  there  was  an 
average  of  2 '4  deaths  per  annum  by  accidents  with  explosives,  while  in  the 
West  Lancashire  district  it  was  only  O'G  per  annum,  and  dividing  these 
figures  into  the  average  number  of  persons  employed  underground,  we  have 
1  death  in  the  former  district  in  every  23,130  persons,  as  against  1  death 
in  every  76,700  in  the  latter.  The  figures,  in  the  case  of  persons  injured, 
are  Northumberland  1  in  1,735,  and  Lancashire  1  in  4,602.  In  other 
words,  there  have  been  more  than  three  times  as  many  persons  killed  in 
the  Northumberland  district  through  accidents  with  explosives  in  pro- 
portion to  the  number  of  persons  underground  as  there  have  been  in 


8 


THE  COST  AND  EFFICIENCY  OF  SAFETY-EXPLOSIVES. 


West  Lancashire,  and  nearly  three  times  as  many  injured  during  the  last 
five  years. 

Table  II.— Showing  the  Number  of  Persons  Killed  and  Injured  by 
Explosives  (Gunpowder,  etc.)  in  the  Northumberland  Mines 
Inspection-District,  as  Compared  with  the  West  Lancashire  and 
North  Wales  Inspection-District,  during-  the  Last  Five  Years. 


Years. 

Northumberland  Mines 
Inspection-District. 

West  Lancashire  and  North  Wales 
Mines  Inspection-District. 

Killed. 

Injured. 

Persons  Employ- 
ed Underground. 

Killed. 

Injured. 

Persons  Employ- 
ed Underground. 

1892 
1893 
1894 
1895 
1896 

Totals  and  averages 

o 

6 

i 

7 
2 

27 
38 
35 
29 
31 

54,397 
54,325 
56,726 
56,076 
56,076* 

0 
0 

1 

0 
2 

13 
12 

7 

6 

12 

46,044 
46,444 
47,108 
46,587 
43,928 

12 

160 

55,520 

3 

50  J 

46,022 

*  1895  figures  taken,  1896  not  being  available  yet.    The  numbers  of  accidents  are  those  for  1896. 

Table  III.  shows  that  in  the  Northumberland  district  there  was  an 
average  of  2  deaths  per  annum  by  fire-damp  explosions,  whilst  in  West 
Lancashire  it  was  only  0-4  per  annum,  and  dividing  these  figures  into  the 
average  number  of  persons  employed  underground  we  get  1  death  in  the 
former  district  for  every  27,760  persons,  as  against  1  death  for  every 
115,050  in  the  latter.  The  figures,  in  the  case  of  persons  injured,  are 
Northumberland  1  in  5,552,  and  Lancashire  1  in  11,505.  In  other  words, 
there  have  been  four  times  as  many  persons  killed  by  explosions  of  fire- 
damp in  the  Northumberland  district  as  in  Lancashire,  and  twice  as 
many  injured  in  the  last  five  years. 

Table  III.  — Showing  the  Number  of  Persons  Killed  and  Injured  by 
Fire-damp  Explosions  in  the  Northumberland  Mines  Inspection- 
District,  as  Compared  with  the  West  Lancashire  and  North  Wales 
Mines  Inspection-District,  during  the  Last  Five  Years  : — 


Years. 

Northumberland  Mines 
Inspection-District. 

West  Lancashire  and  North  Wales 
Mines  Inspection-District. 

Killed. 

Injured. 

Persons  Employ- 
ed Underground. 

Killed.  Injured. 

Persons  Employ- 
ed Underground. 

46,044 
46,444 

47,108 
46,587 
43,928 

1892 
1893 
1894 
1895 
1896 

Totals  and  averages 

2 
2 

1 
1 
4 

13 
12 

12 

7 
8 

54,397 
54,32  5 
56,726 
56,076 
56,076* 

0 

1 
0 

1 

0 

1 
4 
3 
9 
2 

10         52 

1 

55,520 

2 

19 

46,022 

1895  figures  repeated,  1896  not  yet  being  available.    The  accidents  are  those  for  1896. 
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The  figures  recorded  in  Tables  II.  and  III.  are  somewhat  startling, 
but  the  lesson  which  they  convey  is  clear  and  decisive.  It  would  appear 
that  by  obstinate  adherence  to  antique  methods  of  mining,  such  as 
candles,  gunpowder,  and  collier  shot-lighters,  a  district,  naturally  safe, 
has  become  less  free  from  accident  than  one  naturally  dangerous. 

The  writer  looks  in  vain  for  any  compensating  circumstances  to 
warrant  the  continuance  of  these  primitive  methods  of  mining.  He  is 
aware  that  it  is  persistently  asserted  that  candles  afford  a  better  pro- 
tection against  "  falls  of  roof,"  but  this  opinion  has  been  proved  again 
and  again  to  be  a  fallacy. 

If  we  compare  the  "  falls  of  roof,"  in  the  two  northern  mining  dis- 
tricts, viz.,  Durham  and  Northumberland,  in  the  former  of  which  safety- 
lamps  are  generally  used,  and  in  the  latter  candles  largely  prevail,  and  in 
both  of  which  that  excellent  system  of  "  deputy  timbering  "  is  practised 
we  find  apparently  another  proof  that  candles  give  no  greater  security 
against  falls  of  roof  than  safety-lamps. 

Table  IV. — Showing  the  Number  op  Lives  Lost  through  "  Falls  of 
Roof  and  Side  "  in  the  Northumberland  Mines  Inspection- 
District  as  Compared  with  those  Lost  from  the  same  cause  in 
the  Durham  Mines  Inspection-District  (Exclusive  of  the 
Cleveland  Ironstone  Mines). 


Years. 

Northumberland  Mines 
Inspection-District. 

Durham  Mines  Inspection- 
District. 

Deaths. 

Persons  Employed 
Underground. 

Deaths. 

Persons  Employed 
Underground. 

1891 
1892 
1893 
1894 
1895 

Totals  and  averages 

32 
37 

47 
37 
26 

53,140 
54,397 
54,325 
56,726 
56,076 

37 
26 
34 
34 
34 

52,979 
52,422 
53,510 
55,572 
55,568 

179 

54,932 

165 

54,010 

Table  IV.  shows  that  in  the  Northumberland  district,  for  the  five 
years,  we  have  an  average  number  of  36  persons  killed  per  annum  by 
falls  of  roof  and  side,  whilst  in  the  Durham  district  the  average  number 
is  only  33,  and  dividing  these  into  the  average  number  of  persons 
employed  underground,  in  each  of  the  districts,  we  find  that  in  North- 
umberland one  person  was  killed  in  every  1,526,  as  against  one  in  every 
1,636  in  Durham. 

At  the  time  of  writing,  the  figures  for  1896  are  not  available,  but  an 
advance  proof  of  these  figures  shows  that  in  Northumberland  36  lives 
were  lost  by  falls  of  roof  and  side,  and  32  in  Durham. 
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It  is  obvious  from  Table  IV.  that  the  different  methods  of  lighting  in 
the  two  districts  have  no  bearing  upon  the  frequency  or  otherwise  of  falls 
of  roof.  It  is  possible  that  the  steam-coal  colliery,  being  presumably 
shallower  and  less  liable  to  crush,  can  show  a  cleaner  bill  of  health  in  this 
respect  than  the  deeper  collieries,  but  this  is  just  what  any  miner  would 
expect,  quite  apart  from  the  fact  of  candles  being  used. 

When  we  turn  to  the  lists  of  explosions  of  gas  and  accidents  with 
explosives  given  in  H.M.  Inspector's  Annual  Report  for  the  Northumber- 
land district,  which  form  Appendices  B  and  C  to  this  paper,  it  will  be 
seen  at  a  glance  that  apparently  the  steam-coal  collieries  are  very  serious 
defaulters.  In  a  list  of  37  accidents,  all  the  lire-damp  explosions  (6) 
were  caused  by  candles,  and  out  of  31  accidents  with  explosives,  29 
were  due  to  gunpowder,  and  mostly  in  conjunction  with  candles. 

The  practical  coal-getter's  experience  with  safety -explosives  has  con- 
vinced him  that,  at  any  rate  for  his  cutting-shot,  they  are  superior  to 
gunpowder.  The  writer  hus  several  times  been  assured  by  individual 
colliers  that  it  is  better,  even  where  they  have  the  option  of  using  gun- 
powder, to  pay  the  higher  price  for  a  safety-explosive  to  be  used  in  the 
cutting-shot ;  and  by  careful  enquiries  in  the  mines,  this  view  has  been 
verified,  and  is  now  generally  held  among  the  workmen. 

The  writer  has  endeavoured  to  remove  misconceptions  by  arraying 
the  facts  of  experience  so  far  as  they  are  available,  believing  that  unsup- 
ported haphazard  statements  are  worse  than  mischievous. 

He  thinks  there  is  good  ground  for  the  hope  that  the  general 
adoption  of  the  "  Explosives  in  Coal  Mines  Order  "  will  minimize  the 
risk  of  explosions  of  rire-dainp  or  coal-dust  which  we  now  have  to  face 
from  year  to  year. 
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APPENDIX  A. 

A. — Fill  in  the  particulars  below  for  the  last  whole  year  in  which  gunpowder 
was  used  in  any  seam  for  coal-getting  (not  stone-work). 


a 

B 

CO 

o 
oj 

a 

ca 

"o 

1  s 

S  * 

& 

••  o 
"■3° 

bo 

•s.S 
11 

*o 

2-a  a' 

°>0  CO 

Total 
Expenditure  on 
Gunpowder 
and  Fuze  for 
the  Year  (Coal- 
getting). 

Cost  of 

Explosive  per 

Ton  of  Coal 

Raised. 

o_; 

s 

to 

Is 

■mi 

a 
§ 

*  Note. — If  yon  have  not  actual  figures  from  which  to  deduce  the  percentage  of  round  coal,  leave  the 
column  blank. 

B. — Fill  in  the  particulars  below  for  the  year  1896  for  the  same  seam  as  above, 
when  nsing  safety-explosives  instead  of  gunpowder  for  coal-getting  (not  stone- 
work). 


a 

^i 

05 -5 

°»-gd 

|"3 

^ 

c 

W 

CD 

a 

ca 

» a 

.203 

3 

El 

W 

Total 

Expeiiditur 

Explosiv 

Detonate 

Cables,  t 

sill 

oar 

Percentag 
Round  Co 

0) 

* 

a  S 
.£  c 

c3 

a 

Were  the  screen-bars  the  same  distance  apart  in  each  of  the  above  years  ? 
Was  the  method  of  working  the  seam  similar  in  each  of  the  above  years  ? 

Note. — If  any  of  the  men  were  buying  their  explosives  from  shops  outside  the 
collieries,  cast  these  men  and  their  coal  out  of  the  calculation.  Do  not  charge  shot- 
firers'  wages. 
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APPENDIX  D.  —  Statutory  Rules  and  Orders,  1896,  No.   1105.— The 
Explosives  in  Coal  Mines  Order,  1896. 

Whereas  by  section  6  of  the  Coal  Mines  Regulation  Act,  1896,  it  is  enacted 
that  a  Secretary  of  State,  on  being  satisfied  that  any  explosive  is,  or  is  likely  to 
become,  dangerous,  may  by  order  prohibit  the  use  thereof  in  any  mine  or  in  any 
class  of  mines  either  absolutely  or  subject  to  conditions  :  — 

I  hereby,  in  pursuance  of  the  power  conferred  on  me,  by  the  aforesaid  section, 
make  the  following  order  : — 

1.  Absolute  Prohibition  oj  Certain  Explosives  in  Unsafe  Mines. — In  all  coal 
mines  of  the  following  classes,  viz.  :  — 

(1)  All  coal  mines  in  which  inflammable  gas  has  been  found  within   the 

previous  six  months,  and 

(2)  All  coal  mines  which  are  not  naturally  wet  throughout, 

on  and  after  the  1st  July,  1897,  the  use  of  any  explosive,  other  than  a  permitted 
explosive,  as  hereinafter  defined,  is  absolutely  prohibited  in  the  roads,  and  on  and 
after  the  1st  January,  lc98,  the  use  of  any  explosive,  other  than  a  permitted  ex- 
plosive, is  absolutely  prohibited  in  every  part  of  the  mine. 

2.  Conditional  Prohibition  of  Other  Explosives  in  Unsafe-  Mines. — In  all  such 
coal  mines  as  aforesaid,  on  and  after  the  first  day  of  January,  1S98,  the  use  of 
permitted  explosives  is  prohibited  unless  the  following  conditions  are  observed : — 

(a)  Every  charge  of  the  explosive  shall  be  placed  in  a  properly  drilled  shot 

hole  and  shall  have  sufficient  stemming  not  in  any  case  less  than 
9  inches. 

(b)  The  apparatus  or  method,  whether  electrical  or  otherwise,  used  to  ignite 

the  charge  in  the  firing  of  any  shot  shall,  so  far  as  is  reasonably 
practicable,  be  incapable  of  igniting  inflammable  gas  or  coal  dust. 

(c)  Every  charge  shall  be  fired  by  a  competent  person  appointed  in  writing 

for  this  duty  by  the  manager  of  the  mine,  and  not  being  a  contractor 
for  any  work  in  the  mine  involving  the  use  of  explosives,  nor  a  person 
paid  by  such  contractor,  nor  a  person  whose  wages  depend  on  the 
amount  of  mineral  to  be  gotten. 

(d)  Each  explosive  shall  be  used  in  the  manner  and  subject  to  the  conditions 

prescribed   in   the  schedule  hereto,  or   in   any  schedule    substituted 

therefor  by  any  future  order. 
Provided  that  nothing  in  this  order  shall  prohibit  the  use  of  a  safety  fuze  in  any 
mine  in  which  no  inflammable  gas  has  been  found  within  the  previous  six  months. 

3.  Conditional  Prohibition  of  all  Explosives  in  Main  Road*. — In  every  coal  mine 
on  and  after  the  first  day  of  July,  1S97,  the  use  of  any  explosive  is  prohibited  in  the 
main  haulage  roads  and  in  the  main  intakes  unless  the  following  condition  is 
observed,  viz.  : — That  all  workmen  have  been  removed  from  the  seam  in  which  the 
shot  is  to  be  fired  and  from  all  seams  communicating  with  the  shaft  on  the  same 
level,  except  the  men  engaged  in  firing  the  shot,  and  such  other  persons,  not  ex- 
ceeding 10  in  number,  as  are  necessarily  employed  in  attending  to  the  ventilating 
furnaces,  steam  boilers,  engines,  machinery,  winding  apparatus,  signals,  or  horses, 
or  in  inspecting  the  mine. 

4.  Application  of  Order.  —  This  order  shall  not  apply  to  mines  of  clay  or  strati- 
fied ironstone,  nor  to  shafts  in  course  of  being  sunk  from  the  surface. 

Where  a  mine  contains  several  separate  seams  this  order  shall  apply  to  each 
seam  as  if  it  were  a  separate  mine  :  Provided  that  several  seams  communicating 
with  the  shaft  at  the  same  level  shall  be  deemed  to  be  one  seam. 
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5.  Definitions.— In  this  order  the  term  "permitted  explosives"  means  such 
explosives  as  are  named  and  denned  in  the  schedule  hereto  or  in  any  schedule 
substituted  therefor  by  any  future  order  :  Provided  that  where  the  composition, 
quality,  or  character  of  any  explosive  is  defined  in  such  schedule,  any  article 
alleged  to  be  such  explosive  which  differs  therefrom  in  composition,  quality,  or 
character,  whether  by  reason  of  deterioration  or  otherwise,  shall  not  be  deemed  to 
be  the  explosive  so  denned. 

The  term  "road"  includes  all  roads  of  any  description  communicating  between 
the  shaft  or  outlet  and  the  working  coal  face. 

The  term  "main  haulage  road"  means  a  road  which  has  been,  or  for  the  time 
being  is,  in  use  for  moving  trams  by  steam  or  other  mechanical  power. 

6.  Citation. — This  order  may  be  cited  as  the  Explosives  in  Coal  Mines  Order, 
1896. 

Home  Office,  Whitehall,  December  19th,  1896. 

M.  W.  Ridley, 

One  of  Her  Majesty's 

Principal  Secretaries  of  State. 

Schedule. 
List  of  Permitted  Explosives. 

Ammonite,  consisting  of  ammonium  nitrate  not  more  than  89  parts  and  not  less 
than  87  parts,  uniformly  incorporated  with  thoroughly  purified  di-nitro-naphtha- 
lene  not  more  than  13  parts  and  not  less  than  1 1  parts,  and  with  no  other 
ingredient. 

Provided  that  the  explosive  be  used  only  in  the  form  of  blasting  cartridges,  not 
containing  their  own  means  of  ignition,  and  that  every  such  cartridge  be  con- 
tained or  enclosed  in  a  thoroughly  waterproof  case. 

Provided  also  that  the  explosive  be  fired  only  by  means  of  a  detonator  or 
electric  detonator  fuze  of  not  less  strength  than  that  known  as  No.  7,  containing 
of  explosive  of  the  fifth  (fulminate)  class  not  less  than  23  grains. 

Ardeer  Powder,  consisting  in  every  100  parts  of  the  finished  explosive,  of  not 
more  than  34  parts  and  not  less  than  31  parts  of  thoroughly  purified  nitro- 
glycerine, with  not  more  than  13  parts  and  not  less  than  11  parts  of  kieselguhr, 
with  not  more  than  51  parts  and  not  less  than  49  parts  of  magnesium  sulphate, 
and  with  not  more  than  6  parts  and  not  less  than  4  parts  of  potassium  nitrate 
with  or  without  the  addition  of  not  more  than  £  part  of  ammonium  carbonate, 
and  not  more  than  \  part  of  calcium  carbonate  and  with  no  other  ingredient, 
the  whole  being  uniformly  incorporated  and  of  such  character  and  consistency  as 
not  to  be  liable  to  exudation. 

Provided  that  the  explosive  shall  be  fired  only  by  means  of  a  detonator  or 
electric  detonator  fuze  of  not  less  strength  than  that  known  as  No.  3,  containing 
explosive  of  the  fifth  (fulminate)  class  not  less  than  eight  grains. 

Provided  also  that  the  explosive  shall  not  be  fired  in  the  frozen  condition. 

Bellite  No.  1,  consisting  of  ammonium  nitrate  not  more  than  81  parts  and  not 
less  than  79  parts  uniformly  incorporated  with  thoroughly  purified  meta-di-nitro- 
benzol  not  more  than  21  parts  and  not  less  than  19  parts,  and  with  no  other 
ingredient. 

Provided  that  the  explosive  be  used  only  in  the  form  of  blasting  cartridges  not 
containing  their  own  means  of  ignition,  and  that  every  such  cartridge  be  contained 
or  enclosed  in  a  thoroughly  waterproof  case  or  wrapper. 
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Provided  also  that  the  explosive  shall  be  fired  only  by  means  of  a  detonator  or 
electric  detonator  fuze  of  not  less  strength  than  that  known  as  No.  7  containing  of 
explosive  of  the  fifth  (fulminate)  class  not  less  than  23  grains. 

Bellite  No.  3,  consisting  of  ammonium  nitrate  not  more  than  94  parts  and  not 
less  than  92  parts  uniformly  incoi'porated  with  thoroughly  purified  meta-di-nitro- 
benzol  not  more  than  8  parts  and  not  less  than  6  parts,  and  with  no  other 
ingredient. 

Provided  that  the  explosive  be  used  only  in  the  form  of  blasting  cartridges  not 
containing  their  own  means  of  ignition,  and  that  every  such  cartridge  be  contained 
or  enclosed  in  a  thoroughly  waterproof  case  or  wrapper. 

Provided  also  that  the  explosive  shall  be  fired  only  by  means  of  a  detonator  or 
electric  detonator  fuze  of  not  less  strength  than  that  known  as  No.  6,  containing 
of  explosive  of  the  fifth  (fulminate)  class  not  less  than  15  grains. 

Carhonite,  consisting  in  every  100  parts  of  the  finished  explosive,  of  not  more 
than  27  parts  and  not  less  than  25  parts  of  thoroughly  purified  nitro-glycerine,  with 
not  more  than  36  parts  and  not  less  than  30  parts  of  barium  nitrate  and  potassium 
nitrate,  or  either  of  them,  and  with  not  more  than  43  parts  and  not  less  than  37 
parts  of  woodmeal  with  or  without  not  more  than  \  part  of  sulphuretted 
benzol,  and  not  more  than  \  part  of  sodium  carbonate  and  calcium  carbonate, 
or  either  of  them  and  with  no  other  ingredient,  the  whole  being  uniformly 
incorporated  and  of  such  character  and  consistency  as  not  to  be  liable  to  exudation. 

Provided  that  the  explosive  shall  be  fired  only  by  means  of  a  detonator  or 
electric  detonator  fuze  of  not  less  strength  than  that  known  as  No.  6,  containing 
explosive  of  the  fifth  (fulminate)  class  not  less  than  15  grains. 

Provided  also  that  the  explosive  shall  not  be  fired  in  the  frozen  condition. 

Dahmenite  A,  consisting  in  every  100  parts  of  the  finished  explosive,  of  not 
more  than  93'  parts  and  not  less  than  91  parts  of  ammonium  nitrate,  with  not 
more  than  6^  parts  and  not  less  than  4  parts  of  naphthalene,  and  with  not  more 
than  2^  parts  and  not  less  than  1  part  of  potassium  bichromate,  and  with  no  other 
ingredient,  the  whole  being  uniformly  incorporated. 

Provided  that  the  explosive  be  used  only  in  the  form  of  blasting  cartridges  not 
containing  their  own  means  of  ignition,  and  that  every  such  cartridge  be  contained 
or  enclosed  in  a  thoroughly  waterproof  case  or  wrapper. 

Provided  also  that  the  explosive  shall  be  fired  only  by  means  of  a  detonator  or 
electric  detonator  fuze  of  not  less  strength  than  that  known  as  No.  7,  containing 
explosive  of  the  fifth  (fulminate)  class  not  less  than  23  grains. 

Electronite  Xo.  2,  consisting  of  ammonium  nitrate  not  more  than  91  parts  and 
not  less  than  90  parts,  uniformly  incorporated  with  not  more  than  10  parts  and 
not  less  than  9  parts  of  woodmeal  and  starch,  and  witli  no  other  ingredient. 

Provided  that  the  explosive  be  used  only  in  the  form  of  blasting  cartridges 
not  containing  their  own  means  of  ignition,  and  that  every  such  cartridge  be 
contained  or  enclosed  in  a  thoroughly  waterproof  case  or  wrapper. 

Provided  also  that  the  explosive  be  fired  only  hy  means  of  a  detonator  or 
electric  detonator  fuze  of  not  less  strength  than  that  known  as  No.  6,  containing 
of  explosive  of  the  fifth  (fulminate)  class  not  less  than  15  grains. 

Kynite,  consisting  in  every  100  parts  of  the  finished  explosive  of  not  more  than 
27  parts  and  not  less  than  25  parts  of  thoroughly  purified  nitro-glycerine,  with  not 
more  than  36  parts  and  not  less  than  30  parts  of  barium  nitrate  and  potassium 
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nitrate,  or  either  of  them,  and  with  not  more  than  43  parts  and  not  less  than 
37  parts  of  woodmeal,  with  or  without  not  more  than  £  part  of  sulphuretted 
benzol,  and  not  more  than  ^  part  of  sodium  carbonate  and  calcium  carbonate, 
or  either  of  them,  and  with  no  other  ingredient,  the  whole  being  uniformly 
incorporated,  and  of  such  character  and  consistency  as  not  to  be  liable  to 
exudation. 

Provided  that  the  explosive  shall  be  fired  only  by  means  of  a  detonator  or 
electric  detonator  fuze  of  not  less  strength  than  that  known  as  No.  6,  containing 
explosive  of  the  fifth  (fulminate)  class  not  less  than  15  grains. 

Provided  also  that  the  explosive  shall  not  be  fired  in  the  frozen  condition. 

Roburite  No.  3,  consisting  in  every  100  parts  of  the  finished  explosive  of  not 
more  than  89  parts  and  not  less  than  86  parts  of  ammonium  nitrate,  with  not  more 
than  13  parts  and  not  less  than  9  parts  of  thoroughly  purified  di-nitro-benzol,  with 
or  without  not  more  than  2  parts  of  chloro-naphthalene  containing  of  chlorine  not 
more  than  1  part,  and  with  no  other  ingredient,  the  whole  being  uniformly 
incorporated. 

Provided  that  the  explosive  be  used  only  in  the  form  of  blasting  cartridges  not 
containing  their  own  means  of  ignition,  and  that  every  such  cartridge  be  contained 
or  enclosed  in  a  thoroughly  waterproof  case  or  wrapper. 

Provided  also  that  the  explosive  shall  be  fired  only  by  means  of  a  detonator 
or  electric  detonator  fuze  of  not  less  strength  than  that  known  as  No.  6,  contain- 
ing explosive  of  the  fifth  (fulminate)  class  not  less  than  15  grains. 

Westfalite,  consisting  of  ammonium  nitrate  not  more  than  96  parts  and  not  less 
than  94  parts,  uniformly  incorporated  with  gum-lac  soluble  in  alcohol  not  more 
than  6  parts  and  not  less  than  4  parts,  and  with  no  other  ingredient. 

Provided  that  the  explosive  be  used  only  in  the  form  of  blasting  cartridges  not 
containing  their  own  means  of  ignition,  and  that  every  such  cartridge  be  contained 
or  enclosed  in  a  thoroughly  waterproof  case  or  wrapper. 

Provided  also  that  the  explosive  shall  be  fired  only  by  means  of  a  detonator  or 
electric  detonator  fuze  of  not  less  strength  than  that  known  as  No.  8,  containing  of 
explosive  of  the  fifth  (fulminate)  class  not  less  than  30  grains. 

Provided  that  in  addition  to  the  marking  on  the  outer  package  containing  any 
of  the  above  explosives,  enjoined  by  an  order  of  Secretary  of  State  made  under 
section  40  of  the  Explosives  Act,  1875,  and  in  force  for  the  time  being,  such  outer 
package  shall  bear  the  words  "as  defined  in  the  list  of  permitted  explosives," 
together  with  the  date  of  this  order.  And,  further,  that  each  inner  package  shall 
be  marked  with  the  words  "permitted  explosive,"  and  also  with  the  name  of 
the  explosive,  the  date  of  manufacture,  and  the  nature  and  proportion  of  the 
ingredients. 


The  Pkesident  said  that  the  members  were  much  obliged  to  Mr.  Hall 
for  bringing  the  subject  of  explosives  before  them.  It  was  one  of  the 
most  important  subjects  under  the  consideration  of  the  coal  trade  at  the 
present  time,  and  if  anything  could  be  done  for  the  saving  of  life  in 
mines,  it  would  be  speedily  adopted.  Mr.  Hall  stated  that  the  cost  of 
using  safety-explosives  was  O'Sld.  per  ton  higher  than  it  was  under  the 
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old  system  of  using  blasting-powder.  Was  this  calculation  based  on  the 
present  system  of  using  safety-explosives,  or  on  the  future  system 
which  would  be  adopted  when  the  Secretary  of  State's  order  came 
into  effect  ?  He  thought  that  the  requirements  of  the  order  were 
much  more  stringent  than  those  now  in  force  in  West  Lancashire.  He 
was  of  opinion  that  the  order  would  entail  a  larger  cost  than  (Void,  per 
ton,  as  between  the  use  of  safety-explosives  and  blasting-powder.  If 
the  workmen  had  to  be  taken  out  of  the  mine  for  every  shot  fired,  he 
thought  that  the  cost  would  be  prohibitory  to  the  working  of  many 
mines,  and  in  large  collieries  it  could  not  be  carried  out.  The  results 
recorded  in  Mr.  Hall's  paper  as  to  the  number  of  persons  killed  from 
explosions  of  blasting-powder  might  be  misleading,  as  they  depended 
upon  the  number  of  shots  fired  for  the  production  of  the  same  weight 
of  coal.  In  the  Northumberland  inspection-district  55,000  persons  were 
employed  underground,  and  in  West  Lancashire  and  North  Wales  46,000 
persons,  but  the  members  had  not  been  informed  as  to  the  number  of  shots 
fired  in  each  district,  consequently  it  was  impossible  to  make  true  com- 
parisons until  these  details  were  supplied. 

With  respect  to  the  number  of  persons  killed  by  falls  of  stone,  Mr. 
Hall  compared  the  Northunibpland  inspection-district  with  the  Durham 
inspection-district,  but  if  the/  took  the  proportion  of  persons  killed  in 
West  Lancashire  by  falls  of  stone  for  the  same  number  of  persons 
employed,  the  results  were  very  much  greater.  In  West  Lancashire 
safety-lamps  were  largely  used;  in  the  Northumberland  inspection- 
district  half  the  men  worked  with  candles  and  half  with  safety-lamps  ; 
and  half  the  coal  was  produced  by  workmen  using  candles.  The  paper 
would  have  been  more  valuable  if  it  had  given  details  as  to  the  lives  lost, 
workmen  employed  underground,  production  of  coal,  and  shots  fired  in 
mines  worked  with  candles  compared  with  those  worked  with  safety- 
lamps. 

Mr.  A.  L.  Steavenson  (Durham)  said  that  there  could  be  no  doubt 
that  Mr.  Hall's  paper  formed  a  most  valuable  contribution  to  that  stock 
of  knowledge  which  it  was  the  duty  of  all  mining  engineers  to  accumulate 
during  the  present  year,  and  that  it  should  afford  immense  encourage- 
ment to  those  who  were  prepared  to  strain  every  nerve  to  compass  once 
for  all  the  total  abolition  of  blasting-powder  from  coal-mines.  The  two 
main  facts,  (1)  as  to  no  increase  of  small  coal,  and  (2)  an  increase  of  cost 
of  only  £d.  per  ton,  were  such  as  he  hardly  dared  to  expect,  although  in 
the  matter  of  cost  his  own  private  estimate,  having  regard  to  the  total 
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output  of  a  colliery,  was  under  Id.  per  ton  ;  but  upon  this  point  he  was 
keeping  a  perfectly  open  mind  until  he  was  in  possession  of  some  inde- 
pendent facts. 

It  would  be  remembered  by  those  members  who  had  studied  the  early 
volumes  of  the  Transactions  of  The  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  an  institution  originated  for  the  express 
purpose  of  accident  prevention,  that  Mr.  Nicholas  Wood  said  in  his 
inaugural  address : — 

To-day,  we  are  entering  upon  an  undertaking  which  may  be  of  essential  utility 
to  the  important  interests  entrusted  to  our  charge,  and  which  may  be  the  means 
of  averting  some  at  least  of  those  dreadful  and  deplorable  catastrophes  which 
have  too  often  been  felt  with  such  disastrous  consequences  to  the  district,  and 
to  the  sufferers,  by  their  occurrence.* 

After  forty-five  years  or  nearly  half  a  century,  the  members  are  to-day  in 
discussion  upon  a  step  more  likely  to  accomplish  the  object  so  dear  to 
the  heart  of  the  man  who  penned  those  lines  than  all  the  work  accom- 
plished by  the  mining  institutes  during  that  long  interval  of  years. 

Had  this  order  been  issued  then,  how  many  thousands  of  lives  would 
have  been  spared,  and  what,  therefore,  should  be  the  attitude  of  all  of 
us — so  deeply  interested,  either  as  owners  or  agents,  as  we  are  ?  It  should 
undoubtedly  be  one  of  welcome,  coupled  with  determined  resolution  to 
make  it  in  all  respects  practicable  and  a  success  if  possible.  Let  us  look 
for  a  few  moments  at  the  grounds  for  it  and  the  urgent  needs  for  it, 
and  where  can  we  look  in  a  better  direction  than  in  the  numerous  Reports 
of  H.M.  Inspectors  of  Mines  ?  He  would  quote  a  few  of  their  statements 
from  the  Preliminary  Report  of  H.M.  Commissioners  appointed  to  Inquire 
into  Accidents  in  Mines,  1881 : — 

Mr.  F.  Wardell  said  (reply  2,207)  that  "  I  would  not  allow  powder 
[to  be  used]  where  lamps  are  used  under  any  circumstances,"  and 
(replies  2,211  and  2,212)  "a  shot"  [is]  "one  of  the  worst  forms  of 
naked  lights." 

Mr.  T.  "Wynne  said  (reply  578)  that  "  It  is  a  perfect  farce  to  have  a 
light,  a  farthing  rushlight,  covered  with  gauze,  and  then  to  have  a  blast 
that  reaches  30  yards  along  or  more." 

Mr.  R.  Moore  said  (reply  1,812)  that  "  wherever  safety-lamps  are 
used,  I  would  prohibit  blasting  in  coal." 

Mr.  T.  Cadman  said  (reply  3,391)  that  "where  safety-lamps  are 
required  I  certainly  do  not  agree  with  blasting." 

Mr  J.   P.   Baker  stated   (reply   4,573)    that   he   "  would   certainly 
prohibit"  [powder  where  safety-lamps  are  used]. 
*  Vol.  i.,  page  3. 
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Now  let  the  members  look  for  a  moment  at  the  claims  which  the 
opinions  of  H.M.  Inspectors  of  Mines  have  upon  our  most  serious 
attention.  To  begin  with,  they  are  mining  engineers  carefully  selected 
after  full  enquiry  as  to  fitness  and  experience,  of  well-known  ability  for 
their  duties.  They  live  each  in  one  of  the  coal-mining  centres.  No 
sooner  does  an  explosion  occur  than  they  hurry  off,  and  from  that 
moment  until  the  last  word  of  their  Report  has  been  written  their 
undivided  attention  has  been  given  to  every  detail  of  the  accident,  and 
above  all  men  they  have  an  experience  such  as  no  others  can  obtain. 
Let  us  therefore  ascertain  what  impression  has  been  left  in  these  cases 
upon  their  minds. 

Manly,  December  23rd,  1885. —  Mr.  Wales  said  that  "  in  my  opinion, 
there  should  be  a  legislative  enactment  to  strictly  prohibit  the  use  of 
gunpowder  or  other  explosives." 

Elemore,  December  2nd,  1886. — Mr.  T.  Bell  said  that  he  "is  informed 
.  .  .  that  since  this  explosion,  .  .  .  the  use  of  gunpowder  has  been 
discontinued  at  all  the  collieries  belonging  to  the  Hetton  Coal  Co." 

Park  Slip,  August  26th,  1 892.— Messrs.  J.  T.  Robson  and  W.  N. 
Atkinson  reported  that  "  no  shots  should  be  fired  in  the  mine,  except 
by  one  or  more  of  the  officials  who  shall  have  more  complete  control 
over  the  explosives,  and  that  the  use  of  gunpowder  and  dynamite  be 
prohibited." 

Albion,  June  23rd,  1894. — Messrs.  J.  T.  Robson,  H.  Hall,  and 
Jos.  S.  Martin  were  of  opinion  "  that  blasting  with  gunpowder  and  other 
flaming  explosives  should  be  abolished  altogether  in  the  working  of  such 
mines." 

Malago  Yale,  March  15th,  1895.— Mr.  J.  S.  Martin  said  that  "in 
concluding  this  report,  the  second  which  I  have  had  occasion  to  make 
within  three  weeks  upon  accidents  occurring  from  blasting  with  powder, 
and  in  both  of  which  cases  it  has  only  been  through  the  fact  of  blasting 
having  been  done  with  a  limited  number  of  men  in  the  mine  that  the 
loss  of  life  has  not  been  very  much  larger,  I  beg  to  again  express  my 
opinion  with  increased  emphasis  that  the  total  abolition  of  powder  in  coal- 
mines is  desirable,  and  that  where  blasting  is  required  it  should  be 
limited  to  the  use  of  the  most  approved  safety-explosives  fired  by 
electricity,  with  further  restrictions  according  to  circumstances." 

Brancepeth,  April  13th,  1896. — Mr.  R.  D.  Bain  said  that  "the  lesson 
to  be  learnt  from  Camerton  and  Timsbury  and  this  explosion  is  that  the  use 
of  gunpowder  on  main  haulage-roads  is  attended  with  considerable  risk 
and  danger.     To  ensure  safety  in  a  dry  mine,  none  but  high  explosives 
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should  be  used,  and  these,  too,  with  every  precaution.  Both  the  English 
and  German  experiments  prove  that  gunpowder  and  nitro-glycerine 
compounds  have  the  lowest  factor  of  safety  of  any  explosives  in  the 
market,  and  their  use  should  be  prohibited  in  all  dusty  and  fiery  mines 
and  on  all  main  haulage-roads  in  coal-mines  unless  they  are  absolutely  wet." 

In  the  safe  collieries,  it  is  gravely  proposed  that  the  Secretary  of 
State's  order  should  be  left  to  the  inspectors  to  enforce,  and  it  was 
asserted  that  there  were  a  large  number  of  collieries  where  it  was  quite 
unnecessary. 

He  might  remark  that  Brancepeth  was  a  shallow  mine,  a  non-gaseous 
mine,  and  reckoned  a  safe  one.  In  the  Report  on  the  Brancepeth 
explosion  of  April  13th,  1896,  it  is  stated  that,  "  It  was  .... 
proved  by  evidence  ....  that  the  pit  was  considered  by  all 
responsible  persons  as  non-gaseous,  and  not  a  fiery  pit,  and,  indeed,  in 
that  respect  a  very  safe  pit.  Mr.  Grieves  said  that  until  1882,  naked 
lights  only  had  been  used  in  every  part."  Now,  if  Brancepeth  was  held 
to  be  a  safe  pit  and  was  not,  where  are  they  to  be  found  ?  No  doubt 
every  mining  agent  about  that  place  believed  that  it  was  so,  just  as  much 
as  these  engineers  who  are  now  wanting  the  Secretary  of  State  to  have 
them  excused.  If  Brancepeth  had  been  amongst  those  excused,  who  then 
would  have  been  responsible  ? 

He  was  of  opinion  that  powder-shots  should  no  longer  be  fired  in  the 
roads,  as  all  the  recent  serious  explosions  had  occurred  through  the  use  of 
blasting-powder  in  dusty  roads.  The  order,  however,  contemplated  the 
firing  of  only  one  shot.  This  in  a  large  colliery  was  not  sufficient.  They 
must  ask  the  Secretary  of  State  to  extend  the  number  of  shots,  because  if 
a  large  colliery  had  five  or  six  main  roads  it  might  be  necessary  to  fire 
shots  in  greater  number  than  the  order  contemplated. 

There  was  no  doubt  that,  where  the  miner  had  to  deal  with  hard  stone, 
quick  explosives  were  infinitely  better  than  blasting-powder.  He  had 
had  thirty-five  years'  experience  in  the  iron-ore  mines  of  Cleveland,  where 
they  were  producing  3,000  or  4,000  tons  a  day,  and  used  large  quantities 
of  blasting-powder.  The  stone  was  of  a  mild  nature,  in  which  blasting- 
powder  could  do  its  work  better,  but  in  the  case  of  hard  stone,  quick 
explosives  or  safety-explosives  proved  the  best  for  use.  He  urged  the 
members  to  wait,  except  with  regard  to  shot-firing,  until  September  or 
October,  1897,  when,  having  got  abundant  experience  they  could  meet 
and  make  up  their  minds  as  to  the  extent  to  which  it  was  desirable  to  ask 
the  Secretary  of  State  to  mitigate  his  order.  The  Secretary  of  State  was 
a  descendant  of  a  family  which  had  been  wellknown  for  at  least  150 
years,  and  held  in  the  highest  honour.     If  by  this  order   the  present 
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holder  of  the  title  should  be  the  means  of  mitigating  the  severity  of  mine 
explosions,  he  would  have  earned  a  greater  title  to  their  gratitude  than 
had  been  deserved  by  any  of  the  long  line  of  his  predecessors. 

Mr.  Joseph  Dickinson  (late  H.M.  Chief  Inspector  of  Mines,  Man- 
chester) said  that,  although  it  was  not  of  much  importance,  the  claim  set 
up  for  West  Lancashire  as  being  the  cradle  of  what  were  termed  safety- 
explosives  scarcely  commended  itself  to  his  mind.  He  would  rather  say 
that  they  originated  with  the  water-cartridge  and  gelignite  at  Darcy 
Lever  colliery  in  East  Lancashire  ;  and  that  the  cartridges  were  still  in 
use,  although  restricted  by  the  large  shot-hole  which  they  required. 

Mr.  Hall's  paper  treated  of  two  subjects,  the  cost  and  efficiency  of 
safety-explosives  as  compared  with  blasting-powder,  but  under  the  head 
of  efficiency  it  expanded  into  the  question  of  safety-lamps  as  compared 
with  candles  for  lighting. 

As  to  cost,  the  writer  deduced,  from  elaborate  tables  and  his  own  wide 
experience,  an  increase  of  nearly  Id.  per  ton  in  getting  coal  with  high 
explosives,  but  he  qualified  it  somewhat  by  a  saving  in  the  item  of  stone- 
work. He  also  found,  rather  to  his  surprise,  that  with  both  high  and 
low  explosives  the  tables  showed  the  output  of  equal  proportions  of  round 
coal.  The  actual  cost  for  the  respective  explosives  he  reckoned  at  0*6 Id. 
with  blasting-powder,  and  0"92d.  with  safety-explosives ;  or  about  one- 
half  more  for  high  explosives. 

Every  person  who  knew  the  worthy  writer  of  the  paper  will  credit 
him  with  implicit  fairness  in  analysing  the  result  of  his  researches.  He 
candidly  admitted  the  difficulty  of  apportioning  the  relative  costs  and 
proportions  from  the  tables.  It  may  therefore  be  that  consequent  on  the 
changing  to  safety-explosives,  less  of  the  explosive  may  have  been  used 
in  the  shots,  and  more  work  done  with  the  pick.  Or,  possibly,  too  much 
may  have  been  used,  and  thus  have  affected  the  conclusion. 

If  any  part  of  the  conclusion  has  been  drawn  from  "  Appendix  C. — 
List  of  Explosions  of  Gunpowder,  etc.,  iu  the  Newcastle-upon-Tyne 
Mines  Inspection-District,  1895,"  it  will  require  scrutiny:  the  31 
explosions  therein  recited  admit  of  division  into  classes,  and  each  class 
admits  of  subdivision,  which  may  alter  the  view.  Nearly  the  whole  of 
these  classes  appear  to  be  common  to  all  accidents  with  explosives,  namely, 
want  of  sufficient  care  in  handling.  The  list,  therefore,  if  it  showed 
anything  definite  was  against  blasting  with  any  kind  of  explosive,  and 
favoured  giving  up  entirely  this  labour-saving  adjunct. 

As  to  the  question  of  efficiency,  a  case  was  supposed  to  be  made  out 
by  comparing  districts  suitable  for  the  required  proofs.    The  allegation  of 
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decadence  of  skill  and  care  in  Northumberland  (his  native  county)  was 
almost  enough  to  resuscitate,  in  protest,  the  late  revered  Messrs.  John 
Buddie,  Nicholas  Wood,  Thomas  Emerson  Forster,  and  other  mining 
celebrities,  who  so  long  kept  the  northern  counties  in  the  van  of  progress. 

Altogether,  the  paper  set  forth  that  mine-owners  had  not  been 
severely  dealt  with  during  the  last  twenty  years.  Prior  to  that  time,  how- 
ever, they  were  undoubtedly  roused  up  considerably,  the  amount  of  cost  of 
legislation  being  often  roughly  reckoned  at  6d.  per  ton.  That  rousing 
was  justly  required  of  some  of  the  mine-owners,  and  it  had  been  fully 
compensated  by  the  succeeding  increased  efficiency,  safety  from  accidents, 
and  improved  health  of  the  miners.  In  this  East  Lancashire  district, 
during  his  forty-one  years'  supervision  as  H.M.  Inspector  of  Mines  under 
existing  requirements,  through  improvements  effected  by  those  acting  in 
the  management,  this  rousing  influence  diminished  for  the  last  five  years 
the  accidents  54  per  cent.,  and  the  deaths  from  the  accidents  74  per  cent. ; 
in  this  diminution  were  included  explosions  of  fire-damp,  which  came 
down  from  high  numbers  to  less  than  an  average  of  one  yearly. 

Should  the  further  powers  now  about  to  be  introduced  be  requisite, 
Id.  per  ton  additional  does  not  appear  heavy.  "Worked  out,  however,  on 
the  whole  output  it  comes  to  the  considerable  amount  of  £790,000 
annually,  which  should  not  be  spent  needlessly  ;  or,  if  taken  at  one-third 
of  the  output,  it  was  over  £263,000.  If  really  required,  it  would  doubt- 
less, as  hitherto  with  the  larger  demands,  obtain  loyal  acquiescence. 

Mr.  J.  J.  Prest  (Stoke-upon-Trent)  thought  that  the  footnote  (a) 
to  Table  I.  of  Mr.  Hall's  statistics  afforded  a  little  light  on  the  efficiency 
of  safety-explosives  as  compared  with  blasting-powder  for  the  produc- 
tion of  round  coal :  the  manager  stated  that  "  when  we  commenced  to 
use  high  explosives,  the  bars  were  reduced  from  1  inch  to  f  inch,"  showing 
very  plainly,  he  thought,  what  that  gentleman  anticipated  would  be  the 
effect  of  adopting  high  explosives  for  getting  coal  in  place  of  blasting- 
powder  :  and  that  this  anticipation  was  realized  was  shown  by  the  fact 
that  he  was  now  only  producing  the  same  percentage  of  round  coal  with 
bars  less  than  half  their  former  width  apart.  Nevertheless,  Mr.  Hall 
based  his  arguments  and  deductions  on  the  relative  percentages  of  round 
and  small  coal  obtained  by  the  use  of  different  explosives,  when  the  natural 
results  were  neutralized  by  such  expedients  as  the  one  quoted.  Would 
any  colliery  manager  assert  that  coal  made  over  §  inch  bar-screens  would 
have  the  same  market  value  as  the  coal  made  over  1  inch  bar-screens  ? 
If  not,  then  the  difference  in  value  must  be  placed  to  the  account  of  the 
high  explosive. 
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At  two  of  the  collieries  under  his  charge,  about  1  ton  of  ammonite 
was  used  per  month,  and  he  had  no  hesitation  whatever  in  asserting  that 
the  production  of  slack  was  increased  in  consequence,  and  that  the  cost 
per  ton  for  explosives  was  double  what  it  was  when  blasting-powder  was 
in  use.  The  actual  cost  per  ton  of  explosives  for  the  production  of  black 
band  ironstone  was:  —  Blasting -powder  and  fuze,  0*910d.  per  ton; 
ammonite,  detonators,  etc.,  l"706d.  per  ton;  showing  an  increase  of 
0796d.  per  ton. 

Apart,  however,  from  the  increase  of  cost,  and  that  was  serious  enough 
in  these  bad  times,  he  considered  that  the  most  astonishing  feature  of  the 
order  was  the  removal  of  all  workmen  except  10  from  the  pit,  whilst  shot- 
firing  was  taking  place  on  a  main  intake  or  haulage-road,  even  although 
a  permitted  explosive  was  being  used :  one  would  have  expected  that  the 
Secretary  of  State  or  his  advisers  would  have  had  sufficient  faith  in  their 
permitted  explosives  to  sanction  their  use  under  normal  conditions  of 
work.  Pits  working  a  double  shift  of  men  would  have  to  lay  one  shift 
idle  when  this  order  comes  into  operation,  so  as  to  fire  shots  even  in  the 
face  of  main  intake-airways  or  haulage-roads  :  and  how  anyone  will 
ever  be  able  to  make  a  refuge-hole,  engine-house,  or  take  stone  off  the 
side  of  such  a  road  in  the  future,  unless,  as  he  had  said,  one  shift  is  laid 
idle  for  the  purpose,  he  could  not  imagine ;  and  the  effect  of  laying  a 
shift  of  hewers  off  in  an  old  pit  is  not  difficult  to  understand.  Then, 
again,  why  should  10  men  be  particularly  called  upon  to  risk  their  fives 
any  more  than  100  or  a  pit's  crew  ?  Surely  if  it  be  dangerous  for  die 
latter,  it  was  equally  so  for  the  former,  and  he  would  imagine  that  these 
10  men  would  very  soon  appraise  that  risk  at  its  proper  monetary  value. 

Personally,  he  had  no  objection  whatever  to  the  general  use  of  the 
permitted  explosives  ;  but  it  must  be  under  existing  conditions  of  work, 
and  without  sending  any  workmen  out  of  the  pit. 

Mr.  W.  Cochrane  (Newcastle-upon-Tyne)  endorsed  Mr.  Steavenson's 
remarks  with  respect  to  the  use  of  safety-explosives  in  Cleveland  ironstone- 
mines,  where  in  practice  they  were  an  utter  failure.  Blasting-powder  was 
the  only  explosive  that  yielded  satisfactory  results,  and  if  its  use  was  pro- 
hibited in  coal-mines,  perhaps  eventually  the  order  might  be  extended  to 
ironstone-mines.  It  seemed  to  him  that  the  conditions  of  some  collieries 
were  similar  to  the  conditions  of  the  Cleveland  ironstone-inines.  Mr. 
Hall  stated  in  his  paper  that  it  was  admitted  by  working  miners  that 
the  fumes  of  safety-explosives  were  not  dangerous.  From  correspond- 
ence in  newspapers  he  had  recently  read  from  Northumberland  and 
Durham   miners,   he    thought    Mr.    Hall    would    have    to   admit    that 
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miners  generally  had  not  admitted  that  the  fumes  were  not  dangerous. 
He  regretted  that  the  author  should  have  described  the  methods  of 
mining  in  Durham  and  Northumberland  as  "  antique  "  and  "  primitive." 
Not  satisfied  with  his  statement  as  to  their  use  of  safety-explosives,  he 
emphasized  it  by  abandoning  the  object  of  his  paper.  He  (Mr.  Cochrane) 
could  not  see  in  what  manner  falls  of  roof  had  to  do  with  the  "cost 
and  efficiency  of  safety-explosives."  If,  in  addition  to  comparing  the 
Northumberland  and  Durham  mines  inspection-districts,  Mr.  Hall  had 
taken  West  Lancashire,  he  would  have  found  it  in  a  backward  position. 
The  figures  were  :— Northumberland,  54,932  persons  employed  under- 
ground, 179  deaths  from  falls  ;  Durham,  54,010  persons  employed 
underground,  165  deaths  from  falls ;  and  West  Lancashire,  46,131 
persons  employed  underground,  229  deaths  from  falls.  He  would  like 
the  author  to  compare  the  three  districts,  and  possibly  he  might  modify 
his  inference  as  to  the  two  former  districts. 

Mr.  E.  B.  Wain  (Stoke-upon-Trent)  said  that  in  the  figures  given 
in  Table  I.,  Mr.  Hall  did  not  state  whether  the  expenditure  on 
explosives  was  simply  for  coal-getting  or  for  all  operations  connected 
with  coal-getting.  In  most  longwall  collieries  no  explosive  was  used  for 
coal-getting,  and  the  ripping  or  stone-work  absorbed  almost  the  whole  of 
the  explosive  used.  In  such  cases  it  was  almost  impossible  to  make 
comparison  of  costs  and  percentages  of  round  coal.  He  was  much  sur- 
prised to  hear  Mr.  Hall  state,  after  the  experience  which  he  must  have  had 
with  high  explosives,  that  no  more  slack  was  made.  He  noticed  that  most 
of  the  collieries  quoted  in  Table  I.  were  working  hard  coal.  It  was  possible 
in  hard  coal-seams  that  safety-explosives  might  be  used  without  much 
loss  of  round  coal,  but  he  ventured  to  say  that,  in  some  of  the  tender 
thick  coal-seams  of  North  Staffordshire,  a  considerably  increased  propor- 
tion of  small  coal  was  made  when  safety-explosives  were  used. 

He  thought  that  Mr.  Hall  rightly  emphasized  the  necessity  for 
explosives  being  used  by  workmen  specially  appointed  for  the  purpose, 
a  system  which  was  now  in  force  in  the  North  Staffordshire  district ;  and 
with  the  excellent  deputy  system  in  force  in  the  North  of  England  there 
seemed  to  be  no  reason  why  deputies  should  not  also  act  as  shot-lighters. 

In  the  Northumberland  mines  inspection-district  (he  spoke  under 
correction),  it  seemed  to  be  the  practice  for  the  hewer  to  fire  his  own 
shots ;  in  the  West  Lancashire  and  North  Wales  district,  it  was  the 
custom  for  trained  workmen  to  fire  the  shots,  and  the  probability  was 
that  the  comparison  shown  in  Table  II.  was  favourable  to  the  latter 
districts  simply  and  solely  on  the  ground  that  the  trained  workman,  who 
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was  appointed  to  fire  the  shots  and  examine  the  working-places,  was  more 
careful  in  handling  the  explosive  than  the  miner,  who  was  a  contractor. 

Mr.  G.  Blake  Walker  (Barnsley)  said  that  high  explosives  had 
been  used  during  the  past  seven  years  at  Wharncliffe  Silkstone  colliery. 
Mr.  "Wain  had  said  that  the  use  of  explosives  in  longwall  collieries 
was  limited  in  a  great  measure  to  stone-work,  but  there  were  collieries 
which  had  been  worked  with  blasting-powder,  and  one  of  these  was 
the  parkgate  seam  of  the  Wharncliffe  Silkstone  colliery.  Blasting- 
powder  was  previously  provided  by  the  workmen  themselves,  but 
the  owners  recognized  that  it  was  in  the  interests  of  safety  that 
a  safety-explosive  should  be  used  in  place  of  blasting-powder.  Roburite 
was  substituted,  and  in  the  past  seven  years  there  had  been  no 
enhanced  cost  as  between  roburite  and  powder,  because  the  workmen  in 
both  periods  bought  their  own  explosive,  and  the  lessened  quantity  of 
roburite  used  had  met  the  increased  cost  per  pound.  The  company  had 
sustained,  what  at  first  sight  might  be  considered  a  serious  loss,  from 
having  to  provide  detonators.  Three  shots  were  fired  for  each  pound  of 
roburite,  and  the  actual  enhanced  cost  was  represented  by  the  cost  of  three 
detonators.  There  had  not  been  during  that  time  any  serious  complaint 
as  to  the  fumes  being  injurious.  He  had  observed  where  the  ventilation 
had  become  slack  by  accident,  the  presence  of  a  vapour  with  a  peculiar 
smell,  and  had  no  doubt,  if  they  were  compelled  to  remain  long  in  it, 
that  it  might  produce  giddiness,  but  with  efficient  ventilation,  the  fumes 
soon  mixed  with  the  air  and  passed  away. 

Mr.  W.  J.  Orsman  (Wigan)  said  that  he  should  like  to  say  a  few  words 
with  regard  to  the  statement  that  miners  and  medical  men  upheld  the  view 
that  the  fumes  given  off  by  safety-explosives  were  more  dangerous  than 
the  fumes  of  blasting-powder.  When  safety-explosives  were  introduced 
into  the  district  of  Lancashire,  the  question  of  fumes  was  at  once  raised. 
A  committee  was  appointed,  consisting  of  Prof.  H.  B.  Dixon,  Dr.  N". 
Hannah,  and  Dr.  C.  J.  Mouncey,  and  they  reported  that  the  fumes  given 
off  by  safety-explosives  were  perfectly  innocuous.  He  did  not  allude  to 
explosives  of  the  nitro- glycerine  type,  which  might  be  dangerous,  but  to 
the  nitrate-of -ammonium  explosives. 

Mr.  M.  Deacon  (Sheepbridge)  said  that  Mr.  Hall  had  based  his  con- 
clusions on  "  the  light  of  present  knowledge,"  but  he  (Mr.  Deacon) 
thought  that  the  present  knowledge  of  explosives  was  not  what  it  ought 
to  be,  and  he  ventured  to  suggest  that  the  Secretary  of  State  should 
undertake  experiments  on  a  larger  scale  than  had  been  so  far  undertaken 
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before  deciding  which  of  the  permitted  high  explosives  could  be  safely 
used.  Mr.  Hall  stated  that  62'2  per  cent,  of  round  coal  was  obtained  with 
powder  and  62  per  cent,  with  safety  explosives.  He  should  like  to  know 
whether  the  whole  of  the  slack  coal  was  sent  out  of  the  mine,  or  whether 
(if  it  was  gobbed)  there  was  any  reduction  in  the  number  of  tons  per 
acre  produced  over  the  periods  during  which  the  tests  were  made.  He 
had  made  a  number  of  practical  tests  in  various  coal-seams  with  several 
kinds  of  high-explosives  as  compared  with  blasting-powder,  for  the 
purpose  of  ascertaining  the  effect  in  the  production  of  slack  coal.  All 
these  experiments,  which  were  very  numerous — about  100  in  all,  were 
made  in  the  soft  coal-seams  of  Derbyshire,  and  with  the  use  of  high- 
explosives  the  percentage  of  slack  coal  was  5  to  6  per  cent,  higher  than 
when  blasting-powder  was  used  under  similar  conditions.  Instead  of  Id. 
per  ton  being  sufficient  to  cover  the  enhanced  cost,  an  increase  of  5  per 
cent,  of  slack  coal  would  alone  entail  a  reduction  in  the  average  selling 
price  of  about  3d.  per  ton  in  the  case  of  an  average  colliery.  This  cost, 
as  well  as  the  Id.  per  ton  represented  by  Mr.  Hall  as  the  cost  of  shot- 
firing  and  explosives,  must  be  reckoned.  He  was  satisfied  that,  in  tender 
coal-seams  with  high-explosives,  there  would  be  a  considerable  reduction 
in  the  profits  or  increase  in  the  losses,  probably  to  the  extent  of  3d.  or  4d. 
per  ton  as  against  blasting-powder. 

Mr.  W.  N.  Atkinson  (H.M.  Inspector  of  Mines,  Newcastle-under- 
Lyme)  remarked  that  Mr.  Hall's  estimate  of  Id.  per  ton  was  much  nearer 
the  mark  than  some  of  the  statements  which  had  been  recently  going  the 
round  of  the  newspaper  press.  It  must  be  remembered,  however,  that 
even  |d.  per  ton  on  an  output  of  300,000  tons  a  year  amounted  to  £625 
per  annum — a  sum  not  to  be  despised  in  these  days  of  keen  competition. 
It  was  on  the  ground  of  safety  alone,  however,  that  it  was  thought 
necessary  to  formulate  new  regulations  as  to  the  use  of  explosives.  There 
were  two  considerations  to  which  he  should  direct  attention  :  first,  the 
fact  that  the  use  of  safety-explosives  had  already  been  voluntarily  and 
exclusively  adopted  at  a  large  number  of  extensive  collieries,  and  also  that 
experiments  and  practical  experience  bore  testimony  to  their  greater  safety, 
so  far  as  explosions  of  gas  and  coal-dust  were  concerned.  The  second 
point  was  that  most  of  the  recent  explosions  had  been  in  mines  previously 
held  to  be  safe  so  far  as  gas  or  dust  was  concerned.  Such  explosions 
had  occurred  within  the  last  three  or  four  years  :  at  Camerton  and  Tims- 
bury,  9  lives  lost;  Thornhill,  139  ;  Blackwell,  7;  Micklefield,  63  ;  and 
Brancepeth,  20 ;  a  total  of  238  lives  ;  and  without  doubt  had  cost  many 
thousands  of  pounds  to  the  owners  of  those  collieries.    These  observations 
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he  thought  had  a  bearing  on  the  necessity  of  some  further  attempt  to 
prevent  explosions  of  gas  or  coal-dust.  Mr.  Cochrane  need  have  no  fear 
that  the  order,  or  some  similar  order,  might  in  future  be  extended  to 
ironstone-mines  until  some  serious  explosion  occurred  in  those  mines. 
There  had  been  several  investigations  by  men  of  undoubted  ability  as  to 
the  fumes  of  safety-explosives,  and  they  were  of  opinion  that  the  fumes 
were  practically  harmless.  He  did  not  altogether  agree  with  the  con- 
clusions of  these  committees,  because  he  believed  that  the  fumes  of  all 
explosives  were  dangerous  under  certain  conditions.  The  fumes  of  any 
explosive  containing  nitro-glycerine  were  likely  to  be  dangerous,  if 
inhaled  before  being  plentifully  diluted  with  air.  He  had  been  informed 
by  the  manager  of  a  large  colliery  in  North  Staffordshire  where  a  safety- 
explosive  had  been  substituted  for  blasting-powder  that  he  (the  manager) 
thought  the  cost  was  no  more,  because  a  smaller  number  of  shots  were 
required.  He  believed  that  in  the  Midland  districts  explosives  were  used 
rather  extensively,  both  for  getting  coal  and  ripping  roads  in  longwall 
working. 

Mr.  Harold  Bonser  (Leeds)  remarked  that  the  order  of  the 
Secretary  of  State  required  in  the  case  of  carbonite  that  detonators  of 
not  less  strength  than  No.  6  should  be  used.  He  was  of  opinion  that 
this  portion  of  the  order  should  be  amended  as  a  No.  3  detonator,  con- 
taining only  one-half  of  the  fulminate  in  a  No.  6  detonator,  would 
detonate  carbonite  efficiently,  and  on  no  account  should  a  detonator  of 
greater  strength  than  a  No.  5  be  used  with  carbonite.*  Several  speakers 
had  alluded  to  the  incidence  of  the  new  order  (notably  Mr.  A.  L. 
Steavenson),  and  he  suggested  that  if  the  Coal  Mines  Regulation  Act  of 
1887  and  its  definition  of  what  should  be  considered  as  constituting  a 
separate  mine,  could  be  retained  under  the  new  order,  many  of  the  chief 
objections  to  the  order  would  be  removed — notably  in  the  case  of  tunnels 
and  stone-headings  having  a  separate  intake  from  and  return  airway  into 
a  main  intake  and  return  airway— so  that  in  wet  headings  aud  tunnels 
gelignite  could  still  be  used  as  the  most  powerful  and  suitable  explosive 
for  that  kind  of  work. 

*  Detonators  usually  contain  fulminate  of  mercury  or  a  mixture  of  the  same 
with  chlorate  of  potassium,  and  occasionally  other  substances.  The  usual  sizes, 
etc.,  are  : — 

No.  1  detonators  contain  030  grammes  or    4'6  grains. 

No.  2 

No.  3 

No.  4 

No.  5 

No.  6 

No.  7 

No.  8 


0-40 

61 

0-54 

8-3 

0-65 

100 

0-80 

12-3 

1-00 

15-4 

1-50            , 

231 

2  00 

30-8 
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Mr.  N.  K.  Griffith  (Ruabon)  said  that  he  could  afford  a  little 
further  information  as  to  No.  1  colliery  in  North  Wales.  Fixed  bar- 
screens  were  used  in  the  days  of  wide-gauge  and  blasting-powder,  while 
jigging-screens  were  now  in  use.  With  the  fixed  bar-screens  a  consider- 
able quantity  of  small  coal  passed  with  the  large  over  the  top  of  the 
screens,  whilst  with  the  jigging-screen  every  particle  of  small  coal  passed 
through  the  screens,  and  therefore  the  alteration  of  the  screens  had  not 
made  a  difference  precisely  in  proportion  to  the  widths  between  the  bars. 
The  coal  was  more  valuable  when  passed  over  the  narrower  screens,  as  the 
coal  delivered  over  the  moving  screens  and  picking-belts  was  delivered 
in  a  more  marketable,  cleaner,  and  better  state  than  was  possible  with 
the  wider  fixed  bar-screens.  At  first,  the  tendency  of  the  workmen  was 
to  use  too  much  of  the  safety-explosive  in  the  shot-holes.  It  was  a  fact 
that  a  considerable  number  of  mining  engineers  who  now  used  blasting- 
powder  expressed  considerable  disinclination  to  use  safety-explosives  in 
the  future,  but  not  a  single  case  had  come  to  his  knowledge  in  which 
an  engineer  who  had  abandoned  blasting-powder  in  favour  of  safety- 
explosives  had  expressed  a  wish  to  revert  to  the  use  of  blasting-powder. 
He  was  also  of  opinion  that  workmen  who  had  been  using  safety- 
explosives  for  some  time  did  not  want  to  go  back  to  blasting-powder. 
The  commercial  disadvantage  of  the  use  of  safety-explosives  was  very 
trifling,  and  he  thought  that  Mr.  Hall  had  stated  it  at  about  the  correct 
figure.  From  his  own  experience  he  would  advise  engineers  who  were 
contemplating  the  use  of  safety-explosives  not  to  attempt  to  thrust  their 
use  too  suddenly  upon  the  workmen.  If  safety-explosives  were  intro- 
duced gradually  they  would  ascertain  which  explosive  was  best  adapted 
to  the  coal  in  each  case,  as  probably  some  explosives  were  more  suitable 
for  hard  and  some  for  soft  coal. 

Mr.  John  Gerrakd  (H.M.  Inspector  of  Mines,  Manchester)  said 
that  whatever  might  be  thought  of  Mr.  Hall's  remarks  with  regard  to 
the  use  of  blasting-powder  in  the  Northumberland  inspection-district  and 
the  use  of  safety-explosives  in  West  Lancashire,  the  members  should  all 
thank  Mr.  Hall  for  the  pains  and  trouble  that  he  had  taken  in  preparing 
his  paper.  Mr.  Hall  had  given  the  members  figures  supplied  to  him  by 
owners  of  the  various  mines,  and  not  mere  estimates  or  opinions.  He 
believed  that  East  Lancashire  was  in  entire  accord  with  West  Lanca- 
shire as  regarded  the  use  of  safety-explosives.  In  time,  with  fuller 
experience  of  the  use  of  safety-explosives,  it  would  be  found  whether  Mr. 
Hall  had  overestimated  the  effects  of  the  use  of  safety-explosives  upon 
the  merchantable  value  of  the  coal,  and  he  believed  that  it  would  be 
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less 'serious  than  Mr.  Hall  had  stated.  In  East  Lancashire,  there  were 
19,000  persons  employed  underground  where  safety-explosives  were  in 
use  entirely  and  solely  for  working  coal  or  stone ;  300  were  employed 
where  the  water-cartridge  was  used,  and  2,200  were  employed  under- 
ground where  no  explosive  whatever  was  used,  making  21,500  persons 
employed  underground  in  mines  where  blastiug-powder  was  not  used. 
There  were  8,400  persons  employed  in  mines  using  safety-lamps  where 
blasting-powder  was  used,  and  1,000  in  mines  where  candles  were  used 
with  blasting-powder.  A  large  proportion  of  the  persons  employed  in 
mines  were  using  safety-explosives,  and  the  number  was  increasing.  He 
believed  that  of  the  8,400  persons  employed  in  mines  using  safety-lamps 
and  blasting-powder,  in  four  months'  time  three-quarters  of  the  number 
would  be  using  safety-explosives.  In  East  as  well  as  West  Lancashire, 
experience  had  been  gained  with  regard  to  safety-explosives,  and  with 
Mr.  Griffith  he  did  not  know  of  a  single  colliery  where  the  use  of  blasting- 
powder  had  been  resumed.  Much  of  the  success  depended  upon  the 
weight  of  safety-explosive  used  in  the  charge.  He  regarded  the  distribu- 
tion of  detonators  to  the  colliers  generally  with  dismay,  as  he  considered 
it  was  essential  that  they  should  be  placed  in  the  hands  of  responsible 
workmen.  He  had  not  the  slightest  doubt  that  deleterious  fumes  were 
produced  from  the  use  of  explosives.  On  Monday  last,  he  went  into 
working-places  immediately  after  the  firing  of  five  shots  of  a  safety- 
explosive,  and  he  experienced  objectionable  fumes ;  on  the  same  day  he 
went  into  a  place  where  4  ounces  of  blasting-powder  had  been  fired  and 
found  that  the  fumes  were  ten  times  more  abundant.  It  was  wise  to 
recognize  that  all  explosives  produced  fumes.  This  explosives  order  was 
introduced  to  save  life  ;  it  was  therefore  necessary  that  it  be  discussed 
temperately,  and  extreme  cases  or  illustrations  should  be  avoided. 

Mr.  George  J.  Binns  (Netherseal  Colliery)  said  that,  in  calculating 
the  difference  between  the  cost  per  ton  of  blasting-powder  and  "  permitted 
explosives,"  Mr.  Hall  appeared  to  have  entirely  failed  to  appreciate  the 
effect  of  the  "  Explosives  in  Coal-mines  Order,  1896,"  in  certain  cases. 
Take,  for  example,  a  colliery  where  horses  are  not  used,  and  the  tubs  are 
run  by  means  of  engine-ropes,  not  only  into,  but  along  the  faces  of  the 
stalls;  where  stone-drifts,  worked  by  mechanical  haulage,  are  continuously 
carried  on  ;  and  where  a  large  amount  of  rock-ripping  is  a  daily  neces- 
sity. In  the  first  place,  absolutely  no  shots  could  be  fired  in  a  coal-face 
where  trams  are  moved  by  mechanical  power,  except  under  certain  im- 
practicable conditions,  and  the  difference  in  cost  to  be  estimated  becomes 
that  between  explosives  and  no  explosives,  instead  of  that  between  blast- 
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ing-powder  and  the  substitutes  proposed  to  be  allowed.  In  the  second 
place,  as  stone-drifts  are  worked  by  engine-ropes,  they  are  presumably 
under  the  same  restrictions,  and  no  blasting  can  be  carried  on  except 
when  "all  workmen  have  been  removed,"  etc.;  and  as  practically  all  roads 
in  the  pit  are  "  main  haulage-roads,"  the  same  proviso  applies  to  all  rock- 
ripping.  The  estimate  of  the  cost  given  by  Mr.  Hall,  and  the  total 
absence  of  any  reference  to  section  3  of  the  Coal-mines  Order,  confirmed 
the  hypothesis  that  he  had  (as,  apparently,  had  also  the  author  of  the 
order)  entirely  failed  to  take  into  consideration  its  effect  on  coal-mines 
where  extensive  rock-work  was  carried  out,  and  where  mechanical  auxil- 
iary haulage  was  in  operation. 

Mr.  Jeremiah  Head  (London)  remarked  that,  if  the  cost  of  using 
safety-explosives  did  not  exceed  Id.  per  ton  more  than  the  cost  of  using 
blasting-powder,  no  engineer  would  grudge  the  extra  cost.  Several 
engineers  of  great  experience  had  expressed  a  belief  that  the  cost  would 
be  much  greater,  and  it  behoved  the  members  to  consider  seriously  what 
the  effect  must  be  on  the  coal-trade,  and  the  trades  subsidiary  to  it,  if  the 
cost  of  coal  was  very  seriously  enhanced.  In  times  past,  Great  Britain 
had  the  coal-trade  of  the  world  largely  to  herself,  as  well  as  the  iron, 
steel,  and  other  trades  dependent  upon  it ;  but,  as  the  members  knew  to 
their  cost,  that  was  no  longer  the  case.  At  the  Exchange  at  Middlesbro' 
on  Tuesday  last,  the  one  subject  of  discussion  was  the  incursion  made 
upon  the  iron  and  steel  trades  of  this  country  by  their  neighbours  across 
the  Atlantic.  The  iron  and  steel  trades  were  built  upon  the  coal-trade ; 
and,  considering  the  quantity  of  coal  used  in  these  trades,  Id.  per  ton  on 
coal  would  amount  to  2d.,  4d.,  6d.,  8d.,  and  upwards,  per  ton  before  the 
finished  article  was  produced.  Coal  in  the  United  States  of  America  was 
produced  at  a  much  lower  average  cost  than  in  this  country  ;  and  they 
could  not  afford  lightly  to  add  to  the  cost  of  production  in  Great  Britain 
if  they  wished  to  retain  in  their  own  hands  the  trades  upon  which  the 
prosperity  of  the  country  was  so  largely  founded.  A  few  years  ago  his 
remarks  might  have  been  considered  superfluous,  because  the  bulk  of  the 
members  did  not  then  believe  in  the  possibility  of  foreign  competition 
in  the  iron  and  steel  trades.  But  thousands  of  tons  of  iron  and  steel  were 
now  coming  into  the  country,  and  were  being  sold  at  several  shillings  a 
ton  below  what  they  cost  us  to  produce.  It  could  not,  therefore,  be 
inappropriate  to  say  a  word  of  caution  as  to  the  necessity  and  importance 
of  keeping  down  the  cost  price  of  coal,  on  which  British  industries  so 
largely  depended. 
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Mr.  George  Boole  (Rainford),  having  had  experience  with  roburite, 
said  that  there  was  no  difficulty  in  using  it  in  place  of  blasting-powder. 
He  had  no  doubt  there  was  a  slight  increase  of  cost  in  using  safety- 
explosives  instead  of  blasting-powder,  but  it  was  not  so  high  as  some 
engineers  imagined.  He  had  had  great  experience  in  the  use  of  explosives, 
and  should  be  very  sorry  to  revert  to  the  use  of  blasting-powder.  "With 
roburite  there  was  less  danger  of  blown-out  shots,  less  danger  of  the  coal 
being  fired,  and  increased  safety.  It  was  very  unfortunate  that  it  should 
be  proposed  to  stop  the  use  of  explosives  altogether  in  mines,  except  in  the 
case  of  only  10  workmen  necessarily  employed  in  the  mine.  If  it  were 
made  compulsory  to  use  safety-explosives,  it  should  not  be  requisite  to 
remove  the  whole  of  the  workmen  from  the  mine. 

Mr.  John  Eobinson  (St.  Helens)  said  that  he  was  in  charge  of 
collieries  producing  1,500,000  tons  of  coal  per  annum.  The  use  of 
roburite  was  introduced  nine  years  ago  and  great  difficulties  were 
experienced.  The  difficulties  of  each  pit  were  gradually  overcome,  and 
since  that  time  it  had  been  used  successfully.  He  was  under  the  impres- 
sion that  the  percentage  of  round  coal  would  be  decreased,  but  after  some 
months  it  was  found  that  the  percentage  of  round  coal  was  unaltered. 
He  had  been  surprised,  when  taking  out  particulars  for  Mr.  Hall,  to  find 
that  the  cost  of  explosives  last  year  as  compared  with  ten  years  ago  was 
almost  the  same,  and  that  the  round  coal  had  only  decreased  by  1  per 
cent.,  although  they  were  now  working  seams  in  which  the  coal  was  much 
softer.  After  nine  years'  experience  of  roburite  he  should  be  very  sorry 
to  be  ordered  to  revert  to  blasting-powder. 

Mr.  J.  W.  Hutchinson  (Bamfmiong)  said  that  he  had  had  over  five 
years'  experience  of  the  use  of  safety-explosives.  The  cost  had  been  a 
little  more  than  |d.  per  ton.  The  long  wall  was  worked  entirely  by 
safety-explosives,  but  shots  were  not  fired  in  the  stone.  Twelve  thousand 
shots  were  fired  last  year,  or  about  40  per  day,  without  one  blown-out 
shot.  The  working  of  a  seam,  2  feet  2  inches  thick,  had  been  abandoned 
when  blasting-powder  was  used,  owing  to  the  percentage  of  round  coal 
being  so  small,  but  now  over  50  per  cent,  of  round  coal  was  produced 
with  safety-explosives. 

Mr.  A.  Jackson  (Collins  Green)  said  that  he  had  used  safety- 
explosives  for  over  seven  years,  and  found  no  difference  in  the  proportion 
of  best  coal  to  slack  coal.  He  would  not  resume  the  use  of  blasting- 
powder  under  any  circumstances. 
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Mr.  J.  H.  Merivale  (Broomhill  Colliery)  said  that  Mr.  Hall  had 
considered  the  use  of  safety-explosives  under  the  heads  of  cost  and  safety, 
and  had  also  introduced  the  question  of  safety-lamps,  which  at  first  sight 
appeared  to  have  nothing  to  do  with  the  Secretary  of  State's  order.  Mr. 
Hall  had  charged  blasting-powder  at  4d.  per  lb.  Last  year  he  had  paid 
2*81d.  per  lb.,  and  he  had  a  quotation  for  February  of  this  year  at  2-76d. 
per  lb.  Substituting  the  actual  price  at  the  present  time,  2-76d.,  for  the 
4d.  per  lb.,  the  price  of  a  few  years  ago,  on  Mr.  Hall's  own  figures,  the 
cost  of  safety-explosives  was  more  than  double  (2#19).  Mr.  Hall  had 
ignored  the  cost  of  the  shot-firers  and  safety-lamps  altogether.  What  we 
had  to  compare  was  the  cost  under  the  present  system,  viz.  : — Blasting- 
powder  at  say  3d.,  straws,  naked  lights,  and  no  shot-firers  ;  with  the 
system  under  the  order,  viz.  : — Safety-explosives  at  say  lOd.  per  lb., 
detonators,  safety-lamps,  and  shot-firers.  What  would  be  the  exact  cost 
of  the  new  system  it  was  impossible  to  say  until  the  experiment  was  made. 
This  had  not  yet  been  done,  and  was  not  likely  to  be  done  voluntarily. 
Mr.  Hall  pointed  out  the  difficulty  of  determining  the  actual  effect  of  the 
change  upon  the  percentage  of  round  coal.  This  was  evident  from 
Table  I.  No.  4  colliery,  for  example,  where  the  bars  were  unaltered,  lost 
5  per  cent.,  and  No.  9,  on  the  other  hand,  in  spite  of  the  screen-bars 
being  wider  apart,  gained  3  per  cent.  He  believed  that  there  would  not 
be  very  much  difference  in  the  percentage  of  round  coal  at  the  screens  ; 
but  there  would  be  a  considerable  loss  by  the  time  the  coal  reached  the 
consumer.  The  coal  was  shattered  by  safety-explosives,  did  not  carry 
well,  and  fell  to  pieces  en  route. 

Mr.  Hall  quoted  statistics  showing  that  there  had  been  fewer  accidents 
from  the  use  of  explosives  in  West  Lancashire  than  in  Northumberland  ; 
and  argued  that  safety-explosives  as  used  in  West  Lancashire  were 
safer  than  blasting-powder  used  in  Northumberland.  But,  before  this 
opinion  could  be  accepted,  they  must  know  the  quantity  of  explosives 
consumed,  or  the  number  of  shots  fired  in  each  district.  Judging  from 
Table  I.,  the  blasting-powder  required  to  produce  1  ton  of  coal  in 
Northumberland  was  considerably  more  than  that  required  to  get  1  ton 
of  coal  in  West  Lancashire.  The  tons  of  coal,  too,  produced  were  33  per 
cent,  more  in  Northumberland  than  in  West  Lancashire,  and  it  followed 
that  very  many  more  shots  were  fired  and  that  the  accidents  were 
necessarily  more  numerous. 

He  found  at  Broomhill  colliery  that  approximately  7|  million  shots 
had  been  fired  in  twenty-five  years.  During  that  time,  two  men  had 
been  slightly  burnt  :  one  down  the  pit,  and  one  in  his  house.     There 
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had  been  no  fatal  accidents,  and  no  accident  of  any  kind  when  shot- 
firing.  Though  it  might  be  a  little  difficult  to  improve  upon  this 
result,  he  was  certainly  of  opinion  with  Mr.  Hall  that  some  of  the 
safety-explosives,  fired  by  experienced  shot-firers,  using  electric  detonators, 
were  safer  than  blasting-powder  fired  by  hewers,  using  straws  or  squibs. 
But  the  increase  in  safety  was  very  small. 

Mr.  Hall  showed  that  four  times  as  many  persons  had  been  killed  in 
Northumberland  from  explosions  of  gas  as  had  been  killed  in  West 
Lancashire.  This  was  the  fact,  and  the  reason  was  probably  as  alleged  by 
Mr.  Hall.  But  he  did  not  "look  in  vain  for  any  compensating  cir- 
cumstances." There  was  the  saving  in  cost ;  and  he  believed  that  the 
better  light  of  the  candle  was  a  great  safeguard  from  accidents  from  falls. 
Mr.  Hall  held  a  contrary  opinion,  but.  common  sense  showed  that  a  good 
light  was  an  advantage  and  must  conduce  to  safety,  and  it  was  for  Mr. 
Hall  to  prove  that  in  this  particular  case  his  opinion  was  correct.  He 
did  not  do  so,  for  his  comparison  between  the  Durham  and  Northumber- 
land mines  inspection-districts  was  not  to  the  point.  There  were  quite 
as  many  candles  used  in  the  one  as  in  the  other  district.  Why  did  he 
not  confine  himself  to  the  West  Lancashire  district,  where  lamps,  he 
gathered  from  his  paper,  were  used  throughout?  Here  229  persons  had 
been  killed  from  falls  as  against  179  in  Northumberland.  In  other  words, 
if  statistics  of  this  kind  were  of  any  value,  safety-lamps  should  be  intro- 
duced throughout  in  Northumberland ;  2  lives  per  annum,  now  killed 
through  gas,  would  be  saved;  at  the  cost  of  19  per  annum  killed 
through  falls.  So  far  as  he  was  aware,  no  facts  had  been  collected  from 
which  any  accurate  deductions  could  be  drawn  as  to  the  exact  effect  of  the 
introduction  of  safety-lamps  upon  accidents  from  falls,  and  until  this  was 
done  we  were  justified  in  believing  that  a  good  light  was  a  safeguard,  and 
should  not  be  laid  aside  without  good  reason. 

Mr.  J.  M.  Ronaldson  (H.M.  Inspector  of  Mines,  Glasgow)  wrote 
that  Mr.  Hall's  paper  came  at  an  opportune  moment,  when  mining 
engineers  were  so  much  exercised  as  to  the  probable  effect  of  the  recently 
issued  order  by  the  Secretary  of  State  with  reference  to  explosives,  and 
when  the  wildest  conjectures  were  being  hazarded  regarding  the  increased 
cost  that  would  be  thereby  entailed.  Hitherto  explosives  such  as  those 
that  are  to  be  permitted  by  the  order  had  been  used  to  a  very  limited 
extent  in  Scotland,  but  the  information  that  he  had  obtained  on  the  subject 
as  to  increased  cost  and  percentages  of  round  coal  coincided  closely  with 
the  results  given  by  Mr.  Hall. 
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As  the  question  of  safety  was  considered  in  Mr.  Hall's  paper,  under  the 
head  of  efficiency,  he  would  draw  attention  to  one  special  kind  of 
accident  that  prevailed  in  his  district  (West  of  Scotland),  and  which  he 
almost  despaired  of  seeing  prevented,  so  long  as  naked  lights  and  the.  use 
of  blasting-powder  were  permitted.  He  referred  to  explosions  of  blasting- 
powder  by  sparks  falling  from  the  naked  light  placed  on  the  caps  of 
miners.  Although  a  special  rule  prohibiting  the  naked  light  to  remain 
on  a  workman's  cap  or  near  an  explosive  while  handling  it  or  charging  a 
shot-hole  had  been  in  force  for  2^  years,  accidents  of  this  nature  seemed  to 
be  of  more  frequent  occurrence  since  this  regulation  was  introduced  than 
they  were  previously.  Last  year,  14  non-fatal  accidents  were  caused 
by  sparks  from  lamps  falling  upon  blasting-powder,  while  for  the 
preceding  year  there  were  11  similar  accidents.  It  was  evident  that  by 
using  safety-lamps  these  explosions  of  blasting- powder  would  become  a 
thing  of  the  past,  but  he  suspected  that  rather  than  use  safety-lamps  the 
owners  and  workmen  would  prefer  to  abolish  blasting-powder.  Danger 
from  a  coal-dust  explosion  by  shot-firing  was  only  to  be  feared  in  com- 
paratively few  of  the  collieries  in  Scotland,  aud  in  the  great  majority  of 
mines  there  was  little  reason  to  apprehend  that  an  explosion  of  fire-damp 
of  any  extent  could  be  caused  by  a  blasting-powder  shot.  But  as  workmen 
could  not  take  the  precautions  necessary  for  their  own  safety  while  using 
blasting-powder  he  considered  that  it  would  be  a  benefit  if  the  order  came 
into  force,  even  in  the  mines  which  were  practically  free  from  gas  and 
coal-dust. 

Mr.  J.  A.  Longden  (Stanton)  wrote  that  Mr.  Hall's  paper  was 
extremely  interesting,  and  more  especially  so  at  this  time  because,  as  one 
of  H.M.  inspectors  of  mines,  he  no  doubt  put  the  case  in  the  same  way 
that  it  was  put  to  the  Secretary  of  State  for  the  Home  Department,  and 
probably  this  statement  caused  the  recent  order  as  to  the  use  of  explosives 
to  be  issued.  It  was  very  satisfactory  to  find  that  Mr.  Hall  admitted 
that  safety-explosives  cost  one-half  more  than  blasting-powder,  or  Id.  per 
ton  additional.  He  believed  that  one  of  the  largest  coal  and  iron  com- 
panies in  Lancashire  had  not  paid  more  than  3  per  cent,  average  dividend 
for  the  last  20  years,  and  their  output  was  about  2,000,000  tons :  Id.  per 
ton  would  make  a  difference  to  them  of  nearly  £9,000  per  annum, 
and  in  these  days  when  good  iron  was  being  sent  from  the  United 
States  of  America  and  competing  with  British  iron  upon  favourable 
terms  in  our  own  markets,  we  could  not  afford  to  lose  such  sums  as 
these.  He  was  perfectly  aware  that  H.M.  inspectors  of  mines  never  con- 
sidered cost,  and  he  was  also  aware  that  all  legislation  tended  to  increase 
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cost.  On  the  other  hand,  wherever  colliery  proprietors  were  satisfied  that 
the  adoption  of  other  methods  would  decrease  loss  of  life  they  were 
always  willing  to  adopt  suggestions,  even  although  their  enterprise 
might  be  an  unprofitable  one. 

The  object  of  the  recent  explosives  order  was  an  attempt  on  the  part 
of  H.M.  inspectors  of  mines,  who  had  really  been  the  initiators,  to 
prevent  explosions  of  fire-damp  or  coal-dust,  and  Mr.  Hall's  paper  gave 
elaborate  figures  comparing  two  of  the  mines  inspection-districts.  His 
experience  had  been  entirely  in  the  Midland  counties,  and  he  found  that 
the  output  of  coal  in  that  district  in  1895  was  20.000,000  tons  against 
14,000,000  in  Northumberland  ;  whilst,  however,  Northumberland  showed 
25  accidents  by  explosives,  the  Midland  district  only  showed  9.  Mr. 
Hall,  in  Appendix  C,  showed  that  31  accidents  with  explosives  occurred 
in  the  Northumberland  district,  and  these  accidents  naturally  divided 
themselves  up  as  follows : — 

No  warning  given  to  adjoining  workmen    8  accidents. 

Candles  actually  ignited  the  powder  6         , , 

Unskilful  charging  of  holes     5         ,, 

Men  not  far  enough  away  when  shot  went  off       ...  10         , , 
Returned  to  a  missed  shot       ...         ...         ...         ...        2        , , 

And  in  each  of  these  cases  the  accident  might  have  been  prevented  if 
more  care  had  been  taken.  In  no  case  did  the  use  of  blasting-powder 
cause  ignition  of  gas  or  dust,  and  it  appeared  to  him  (Mr.  Longden)  there- 
fore that  Mr.  Hall's  paper,  so  far  as  the  Northumberland  district  was 
concerned,  did  not  support  his  argument.  The  object  of  the  Secretary  of 
State's  order  was  to  prevent  ignition  of  gas  or  coal-dust,  and  it  did  not 
in  any  way  pretend  to  cause  workmen  to  be  more  careful  in  going  about 
their  ordinary  occupation.  Even  if  the  use  of  blasting-powder  had  fired 
gas  it  was  not  the  fault  of  the  blasting-powder,  as  the  gas  ought  not 
to  have  been  there. 

As  to  using  gunpowder  to  fire  shots  on  roads,  where  fine  dust  existed, 
it  was  a  mistake,  and  the  first  part  of  the  Secretary  of  State's  order,  with 
some  modification,  should  not  be  objected  to ;  but  the  second  part  abolish- 
ing the  use  of  blasting-powder  altogether  at  the  coal-face,  quite  irrespec- 
tive of  the  varying  conditions  of  the  coal-seams,  ought  not  to  be  allowed 
to  pass  without  protest ;  there  was  no  fear  whatever  of  blasting-powder 
igniting  coal-dust  in  the  working-faces,  as  the  dust  was  not  sufficiently 
fine  to  be  inflammable. 

At  the  Stanton  collieries,  180  shots  are  fired  every  day,  118  in  coal 
and  62  in  stone ;  £  lb.  of  blasting-powder  is  used  for  a  shot  in  stone  and 
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\  lb.  for  a  shot  in  coal,  and  12  ounces  of  blasting-powder  is  equal  to  5^ 
ounces  of  roburite.  The  blasting-powder  shot  requires  a  fuze  which  costs 
^d.,  and  the  roburite-charge  a  detonator  which  costs  2d.,  therefore  the 
costs  of  each  shot  are  as  follows : — £  lb.  at  4d.  per  lb.  +  £d.  =  3§d.  for 
each  shot  of  blasting-powder  in  stone ;  \  lb.  at  4cl.  per  lb.  +  -|d.  =  2|d. 
for  each  shot  of  blasting-powder  in  coal;  and  5|  ounces  at  Is.  per  lb.  + 
2d.  =  6d.  for  each  shot  of  roburite  in  stone. 

This  statement  showed  that  the  relative  costs  per  shot  was  3^d.  as 
against  6d.,  or  70  per  cent,  increase  for  stone-work  where  roburite  was 
admittedly  useful ;  but  for  coal  the  cost  was  3f  ounces  at  Is.  per  lb.  + 
2d.  =  5d.  for  each  roburite-shot  as  against  2|d.,  or  double  the  amount. 
If,  therefore,  the  total  cost  of  shot-firing  was  doubled  in  the  Stanton  pits, 
it  would  entail  an  increase  of  £700  per  annum  ;  but  all  the  seams  are 
worked  by  longwall,  which  method  no  doubt  helps  to  get  the  coal, 
obviates  shot-firing  to  a  great  extent,  and  thus  reduces  the  number  of 
shots  compared  with  other  methods.  The  "  cutting  "  or  "  breaking-in  " 
shot  is  not  allowed,  and  the  cutting  has  to  be  done  by  hand  with  the 
pick. 

Mr.  Hall's  statement  that  the  use  of  safety-explosives  instead  of 
blasting-powder  had  not  increased  the  percentage  of  slack  coal  in  the 
mines  was  very  surprising.  Supposing  that  3^  ounces  of  roburite  would 
do  as  much  work  as  \  lb.  of  blasting-powder  in  getting  the  coal,  there 
still  was  a  vast  difference  in  the  result ;  the  roburite  shattered  a  small 
cylinder,  making  dust  round  the  hole  and  leaving  the  rest  of  the  coal 
to  be  broken  up  by  the  pick,  while  blasting-powder,  on  the  other  hand, 
broke  up  the  coal,  comparatively  without  dust,  into  pieces  suitable  for 
loading.  Mr.  Hall  had  not  taken  this  point  into  consideration,  and 
perhaps  he  would  explain  whether  there  was  not  more  work  for  the 
colliers  in  breaking  up  the  coal  when  using  roburite  than  there  was 
when  using  blasting-powder.  As  a  matter  of  fact,  at  a  colliery  in  the 
Midland  district,  producing  nearly  1,000,000  tons  of  coal  per  year,  where 
the  use  of  blasting-powder  had  been  discontinued  for  coal-getting  more 
than  twelve  months  ago  there  had  been  an  increase  in  slack  of  2  per  cent., 
and  this  increase  of  slack,  on  the  average  selling-price,  was  equal  to  a 
loss  of  Id.  per  ton.  Therefore,  in  a  similar  case  to  that  of  the  large 
Lancashire  firm  previously  referred  to,  this  would  be  a  further  loss  of 
£9,000  per  annum,  or  a  total  loss  to  a  similar  colliery  of  £18,000  per 
annum  ;  surely  this  could  not  be  considered  to  be  a  matter  of  small 
consequence.  There  was  no  doubt  that  the  Secretary  of  State's  order 
was  only  the  first  instalment,  and  that  another  order  would  shortly  be 
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promulgated  necessitating  the  abolition  of  all  naked  lights.  If  there 
be  one  doctrine  more  objectionable  than  another  it  was  that  all  men 
should  have  the  same  wage  irrespective  of  age,  occupation,  or  hours  of 
work,  and  this  order  seemed  to  be  rather  on  the  same  lines,  viz.,  whether 
necessary  or  not,  every  colliery  shall  ultimately  work  with  safety-lamps 
and  discontinue  using  blasting-powder. 

In  the  Midland  inspection-district,  the  greatest  number  of  fatal 
accidents  was  caused  by  falls,  viz.,  0*334  per  1,000  persons  employed; 
Northumberland,  with  naked  lights,  showed  0*464  ;  Yorkshire,  with 
safety-lamps  largely  in  use,  0*545  ;  and  West  Lancashire,  which  was 
held  up  as  a  model,  0*967  ;  surely  this  was  an  all-sufficient  answer  to  the 
question  regarding  the  advisability  of  using  naked  lights  where  it  was 
safe  to  do  so  ;  and  where  naked  lights  were  safe,  blasting-powder  could 
be  safely  used  in  the  faces. 

Prof.  H.  Louis  (Newcastle-upon-Tyne)  wrote  that  he  welcomed  Mr. 
Hall's  paper  as  the  first  official  defence,  if  he  might  call  it  so,  of  the 
Secretary  of  State's  recent  order,  and  as  the  first  opportunity  that 
mining  engineers  had  had  of  seeing  the  arguments  upon  which  this 
order  must  rely  set  forth  in  tangible  form.  As  such,  Mr.  Hall's  paper 
merited  the  most  careful  attention  that  could  be  bestowed  upon  it,  and 
he  would  like  to  examine  his  arguments  in  their  order.  With  regard  to 
costs,  he  could  not  accept  the  results  contained  in  Table  I.  in  their 
entirety.  At  the  outset,  this  table  was  unreliable,  because  it  included 
blasting  in  both  coal  and  stone,  and  there  was  little  doubt  in  his  mind 
that  in  the  majority  of  cases  a  high-explosive  was  more  suitable  to 
stone-work  than  blasting-powder.  He  was  quite  aware  that  this  was 
•tantamount  to  saying  that  he  considered  blasting-powder  more  suitable 
than  a  high-explosive  for  a  soft  material  like  coal,  and  that  was  precisely 
his  position.  He  could  not  agree  with  Mr.  Hall's  statement  that  "  the 
statistics  in  each  individual  case  prove  almost  identical  facts,"  because 
he  saw  that  his  range  of  the  comparative  cost  of  blasting-powder  and 
safety-explosives  varied  between  1  :  3*3  (No.  1  colliery)  and  1  :  0*8 
(No.  9  colliery).  When  one  ratio  was  four  times  as  great  as  the  other 
the  results  could  not  be  called  identical,  whilst  striking  an  average  was 
little  if  any  better  than  guess  work.  He  thought  that  a  better  plan 
would  be  to  re-arrange  the  results  contained  in  Mr.  Hall's  Table  I.  as 
follows  : — 
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Blasting-powder. 

Safety-Explosives. 

Number  of 

Colliery. 

Tonnage. 

Cost. 

Tonnage. 

Cost. 

£      s.      d. 

£      s.     d. 

1 

223,649 

318  15    6 

249,488 

806  12     8 

1 

153,946 

412  15    3 

187,222 

763  11     2 

3 

154,151 

299  11     0 

139,100 

318   10    0 

4 

48,500 

126     8  10 

40,880 

174  12    9 

6 

28,737 

211     9    2 

30,099 

252  10    0 

7 

60,000 

134    3    0 

74,522 

518     9     6 

8 

431,040 

657     3     8 

270,931 

476  10    6 

9 

101,320 

242     1     0 

77,717 

219     8     4 

9 

110,522 

611     0    6 

88,616 

409  17     1 

15 

Totals    .. 

219,031 

771    2    8 

190,434 

1,351     0    0 

1,530,896 

3,7S4  10    7 

1,349,009 

5,291     2    0 

In  this  re-arranged  table,  lie  had  only  inserted  those  collieries  in 
which  the  cost  of  blasting-powder  and  of  a  safety-explosive  was  given 
for  the  same  mine,  and  had,  on  this  ground,  rejected  Nos.  10,  11,  12,  13, 
14  and  16  collieries.  The  figures  for  No.  2  colliery  were  open  to  doubt 
on  Mr.  Hall's  own  showing,  and  he  did  not  think  that  No.  5  colliery 
could  fairly  be  classed  as  a  mine  that  used  explosives  in  coal-getting  ; 
when  the  cost  was  as  low  as  0'12d.  to  the  ton,  no  conclusions  either  way 
could  be  drawn  from  the  results.  From  Table  I.  thus  re-arranged,  he 
found  that  the  cost  of  powder  per  ton  of  coal  was  0'59d.,  and  that  of  the 
safety-explosive  was  0-94d.,  or  a  difference  of  0'35d.  per  ton,  equal  to  an 
increase  over  blasting-powder  of  nearly  60  per  cent.  He  ventured  to 
think  that  this  increment  was  more  nearly  correct  than  that  given  by 
Mr.  Hall,  and  it  was  not  one  that  could  be  disregarded  as  unimportant. 
Moreover,  it  would  only  be  fair  to  add  to  this  figure  the  cost  of  shot- 
firers'  wages,  which  Mr.  Hall  had  not  done,  as  this  item  obviously 
increased  the  cost  of  coal-getting.  He  would  like  to  see  an  explanation 
of  the  fact,  that  these  collieries  quoted  in  the  table  produced,  as  there 
shown,  200,000  tons  less  coal  (or  a  reduction  of  12  per  cent,  on  the 
output)  when  high-explosives  were  used  as  compared  to  their  output 
when  using  blasting-powder,  a  corresponding  increase  in  the  standing 
charges  being  thereby  entailed. 

As  regards  the  proportion  of  round  coal  produced,  we  required  more 
data  than  were  given  by  Mr.  Hall ;  the  most  notable  fact  was  that  in 
most  cases  quoted,  the  practice  with  blasting-powder  of  ten  years  ago  was 
compared  with  that  of  last  year  with  safety-explosives  :  did  Mr.  Hall 
wish  members  to  believe  that  in  his  progressive  and  scientific  district 
there  had  been  no  improvement  made  in  coal-mining  during  ten  years, 
except  in  the  introduction  of  high  explosives  ?      The  only  collieries  in 
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Table  I.  that  he  considered  at  all  comparable  were  Nos.  2,  3,  4,  and  6, 
and  the  average  of  these  four  showed  65*28  per  cent,  of  round  coal  with 
blasting-powder  and  63'41  per  cent,  with  safety-explosives,  a  very- 
different  result  from  that  obtained  by  Mr.  Hall  in  what  he  could  not  but 
look  upon  as  his  somewhat  indiscriminate  use  of  statistics.  He  never- 
theless held  that  it  was  in  the  highest  degree  unsafe  to  draw  any  definite 
conclusions  from  the  very  scanty  data  afforded,  and  would  not  like  to 
have  it  inferred  that  he  looked  upon  even  the  amended  figures  as  a 
reliable  guide  to  actual  practice. 

He  could  not  agree  that  mine-owners  had  been  lightly  dealt  with  in 
the  matter  of  legislative  interference  ;  on  the  contrary,  he  had  en- 
deavoured to  show  in  a  recent  paper*  that,  during  the  period  that 
legislation  had  been  experimenting  on  the  coal-trade  of  this  country, 
Great  Britain  had  come  down  rapidly  from  producing  75  per  cent,  of 
the  world's  coal  to  producing  about  30  per  cent.,  and  that  our  chief 
rival — the  United  States  of  America — was  enabled  to  undersell  us, 
largely  on  account  of  the  freedom  from  legislative  trammels  enjoyed  by 
American  coal-miners,  whilst  their  death-rate  compared  very  favourably 
with  our  own.  Further  legislation  must  inevitably  tend  to  still  further 
hamper  the  British  coal-trade,  and  seemed  likely  to  end  in  securing  the 
safety  of  the  coal-miners  by  closing  down  the  coal-mines  ;  it  was  a 
question  whether  the  miner  might  not  prefer  the  remote  risk  of  explosion 
to  the  imminent  danger  of  starvation. 

He  did  not  think  that  the  method  adopted  by  Mr.  Hall  in  compiling 
Tables  II.  and  III.  was  quite  sound  ;  it  would  be  preferable  to  compare, 
not  the  number  of  persons  killed  and  injured,  but  the  number  of  individual 
accidents,  whatever  be  the  fatalities  caused  by  them.  The  fact  of  the  explo- 
sion being  caused  was  the  essential  fact,  the  number  of  persons  killed  or 
injured  was  a  fortuitous  circumstance,  with  which  the  cause,  at  any  rate,  of 
the  explosion,  had  no  direct  connexion.  If  Mr.  Hall  wished  to  show  that 
safety-explosives  were  safer  than  blasting-powder  in  gaseous  or  dusty  mines, 
he  ought  to  have  tabulated  the  number  of  explosions  due  to  explosives  in 
both  districts  side  by  side.  He  himself  had  attempted  to  do  this,  but 
had  been  stopped  by  the  fact  that  no  such  data  were  available  as  regards 
the  West  Lancashire  district,  although  they  were  for  the  Northumber- 
land inspection  district.  Obviously,  however  antique  and  primitive  the 
method  of  mining  might  be  in  the  Northumberland  district,  the  methods 
of  recording  mineral  statistics  in  that  district  were  far  in  advance  of 
what  they  were  in  West  Lancashire. 

*  Iron  and  Coal  Trades  Review,  January  29th,  1897,  page  176. 
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Upon  the  question  of  candles,  lie  thought  that  Mr.  Hall  had  proved 
too  much.  If  blasting-powder  was  the  cause  of  the  excessive  number  of 
explosions  in  the  Northumberland  district,  these  could  not  be  due  to  the 
use  of  candles  ;  if  candles  were  to  be  blamed,  where  did  the  proof  of  the 
greater  safety  of  high  explosives  come  in  ?  It  might  be  asked  why  in 
Table  IV.  the  comparison  between  the  Newcastle  and  West  Lancashire 
districts  had  not  been  continued ;  it  was  hardly  worth  while,  however, 
to  raise  this  point,  because  it  seemed  difficult  to  believe  that  any  one 
could  seriously  contend  that  a  miner  with  a  candle  that  lighted  the  roof 
had  not  a  better  chance  of  escaping  falls  than  the  man  with  a  safety- 
lamp,  the  shield  of  which  threw  the  roof  into  deep  shadow.  We  may 
apply  a  method  well  known  to  logicians,  and  show  that  the  logical  out- 
come of  such  an  argument  would  be  the  reductio  ad  absurdwn,  that  the 
miner  would  be  safer  still  in  total  darkness. 

Mr.  Hall's  remarks  upon  the  report  for  the  Northumberland  district 
for  1895,  to  the  effect  that  "all  the  fire-damp  explosions  were  caused  by 
candles,"  afforded  the  best  possible  proof  that  blasting-powder  was  not 
dangerous  in  these  particular  mines.  He  (Prof.  Louis)  had  in  another 
paper*  collected  some  statistics  which  showed  that  only  about  1  shot  in 
1,000,000,  taking  the  average  of  the  United  Kingdom,  caused  an  explo- 
sion of  fire-damp  or  dust,  whether  fatal  or  otherwise,  and  he  ventured  to 
think  that  so  high  a  ratio  of  safety  could  hardly  be  improved  upon  by 
legislation,  and  submitted  that  Mr.  Hall  had  not  made  out  a  sufficiently 
strong  prima  facie  case  for  safety-explosives  to  show  that  their  general 
adoption  throughout  the  Northumberland  district  was  advisable.  While 
anxious  to  do  all  in  his  power  to  advance  scientific  mining,  he  could 
not  admit  that  scientific  mining  consists  in  indiscriminately  applying 
absolutely  identical  methods  of  working  to  districts  and  seams  with 
essentially  different  characteristics. 

Mr.  J.  S.  Maetin  (H.M.  Inspector  of  Mines,  Bristol)  wrote  that 
from  an  estimate  which  he  had  made  for  the  South  Western  inspection 
district,  based  upon  a  return  of  the  number  of  shots  fired,  he  calculated, 
making  an  extravagant  allowance  for  the  number  of  shots  not  returned, 
taking  the  price  of  permitted  explosives  at  double  that  of  powder  and 
the  respective  strengths  at  \  instead  of  f,  which  was  found  most 
advantageous  with  one  of  them  (carbonite),  also  the  cost  of  detonators, 
etc.,  at  Id.  per  shot,  and  the  appointment  of  a  shot-man  at  4s.  6d.  a  day 
for  every  15  shots,  that  the  additional  cost  entailed  by  the  Secretary  of 

*  Colliery  Manager,  1897,  page  154. 
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State's  order  for  the  output  of  coal,  11,844,999  tons,  in  his  district 
would  only  amount  to  0*175d.  per  ton,  while  he  believed  that  the  actual 
cost  would  be  covered  by  0"10d.  He  had  received  statements  from 
the  managers  of  two  thin  coal-seam  mines  in  his  district,  in  which  one 
stated  that  the  cost  of  explosives  per  ton  of  coal  raised  during  a  half-year, 
while  blasting-powder  was  being  used,  was  0*32d.  per  ton,  and  that  for 
the  corresponding  half-year  when  one  of  the  permitted  explosives  was  in 
use  was  0*38d.  per  ton,  the  output  and  the  conditions  being  practically 
similar  ;  and  the  other,  that  for  the  half-year  with  blasting-powder,  the 
cost  for  explosives  was  0'39d.  per  ton,  and  the  corresponding  half-year 
with  a  permitted  explosive  the  cost  was  0-56d.  per  ton,  the  output  and 
conditions  being  practically  the  same.  The  explosives  in  both  these 
cases  were  found  by  the  owners  for  all  the  work  in  the  mine,  so  that 
the  quantities  are  accurately  known,  and  therefore  the  comparisons, 
extending  in  each  case  over  the  whole  half-year,  were  satisfactory. 

He  had  had  the  results  of  experiments  made  at  his  request  by 
colliery  managers  communicated  to  him,  carbonite  being  the  explosive 
used,  and  the  charges  being  as  2  : 5  as  compared  with  the  amount  of 
blasting-powder  that  would  have  been  used  in  the  ordinary  way:  the 
results,  i.e.,  the  quantity  of  coal  got  down,  and  the  size,  were  eminently 
satisfactory. 

The  quantity  of  the  permitted  explosives  at  present  in  use  in  his 
district,  he  estimated  from  a  return  received,  to  be  two-fifths  of  the  total 
explosives  used.  These  explosives  had  been  introduced  gradually  during 
the  last  three  or  four  years  at  his  request,  and  without  creating  any 
friction  with  the  workmen,  who,  after  having  gained  experience  with 
their  use  and  comparative  strengths,  appeared  to  like  them. 

He  appended  Table  I.  showing  for  the  last  ten  years  the  number  of 
persons  killed  and  injured  by  the  use  of  explosives,  as  well  as  of  the 


Table  I. 


Explosives. 
Killed.                         Injured. 

No.  of  Persons 

Employed 
Underground. 

1887     ... 

— 

21 

30,686 

1888     ... 

1 

16 

31,012 

1889    ... 

1 

12 

32,651 

1890    ... 

3 

14 

35,226 

1891     ... 

— 

13 

37,397 

1892     ... 

— 

9 

36,715 

1893    ... 

1 

9 

37,079 

1894    ... 

— 

7 

38,038 

1895     ... 

2 

6 

38,022 

1896     ... 

2 

7 

38,385 
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number  of  persons  employed  underground  in  his  district,  from  which 
it  will  be  seen  that  a  very  considerable  reduction  had  taken  place  since 
safety-explosives  had  been  introduced. 

He  referred  to  the  fact  that  of  the  persons  killed  and  injured  in  his 
district  by  explosions  of  fire-damp  or  coal-dust  during  the  last  five  years, 
11  out  of  12  of  the  deaths  resulted  from  the  use  of  blasting-powder 
(9  in  mines,  Oamerton  and  Timsbury,  in  which  fire-damp  had  not 
previously  existed),  and  of  the  persons  injured,  17  out  of  20  were  the 
result  of  using  naked  lights. 

Table  II.  showed  the  enormous  improvement  and  increase  in  the 
number  of  persons  employed  for  each  death  from  falls  of  roof  and  side 
which  had  taken  place  in  his  district  since  1873,  co-existing  with  the 
increased  use  of  safety-lamps. 


Table  II — Showing  the  Quantity  of  Mineral  Raised,  Number  of  Persons 
Employed  Underground,  Number  of  Deaths  from  Falls  of  Roof  and 
Side,  Number  of  Safety-lamps  in  Use,  the  Quantity  of  Mineral 
Raised,  and  Number  of  Persons  Employed  Underground  for  each 
Death  from  Falls  of  Roof  and  Side,  from  1874  to  1896  inclusive,  in 
that  Part  of  the  South  Wales  Coal-field  included  in  the  South 
Western  Mines  Inspection  District  (Monmouthshire  and  Parts  of 
Brecon  and  Glamorgan). 


Deaths 

Mineral 

Number  of  Per- 

Persons 

from 

No.  of 

Raised  for 

sons  Employed 

y 

Mineral 

Employed 

Falls  of 

Safety- 

each  Death 

Underground 

lear. 

Raised. 

Under- 

Roof 

lamps  in 

from  Falls  of 

for  each  Death 

ground. 

and 
Side. 

Use. 

Roof  and 
Side. 

from  Falls  of 
Roof  and  Side. 

Tons. 

Tons. 

1874 

5,398,630 

17,779 

28 

— 

192,808 

635 

1875 

4,510,110 

17,966 

21 

1,755 

214,767 

855 

1876 

5,569,623 

17,845 

23 

1,804 

242,157 

776 

1877 

5,432,391 

17,489 

23 

1,814 

236,191 

760 

1878 

5,495,240 

17,066 

41 

2,194 

134,030 

416 

1879 

5,519,980 

15,964 

39 

2,037 

141,538 

409 

1880 

6,033,828 

15,996 

25 

2,949 

241,353 

640 

1881 

6,369,136 

16,607 

33 

2,971 

193,004 

503 

1882 

6,734,120 

17,363 

28 

3,638 

240,504 

620 

1883 

7,431,263 

18,964 

26 

3,541 

285,818 

729 

1884 

7,490,976 

19,923 

26 

3,983 

288,114 

766 

1885 

7,256,767 

20,441 

27 

5,047 

268,769 

757 

1886 

7,149,722 

19,171 

22 

5,283 

324,988 

908 

1S87 

7,597,806 

20,669 

30 

5,937 

253,260 

689 

1888 

7,724,448 

21,108 

21 

6,585 

367,831 

1,005 

1889 

7,727,300 

22,469 

24 

7,455 

321,971 

936 

1890 

7,873,046 

24,330 

22 

9,400 

357,866 

1,106 

1891 

8,065,049 

26,203 

22 

11,868 

366,593 

1,191 

1892 

8,107,334 

25,828 

20 

12,262 

405,367 

1,291 

1893 

8,008,811 

26,600 

23 

15,707 

348,209 

1,157 

1894 

9,193,683 

27,730 

21 

18,326 

437,794 

1,320 

1895 

8,782,697 

27,847 

30 

18,516 

292,756 

928 

1S96 

9,S40,4(J4 

28,325 

27 

19,544 

364,462 

1,049 
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The  figures  recorded  in  Table  II.  related  to  that  portion  of  his 
district  which  was  included  in  the  South  Wales  coal-field,  and  in 
which  fire-damp  was  largely  met  with.  The  comparisons  were  all  the 
more  important  and  more  favourable  when  it  was  borne  in  mind 
that  100  per  cent,  more  coal  was  worked  from  the  fiery  steam  coal- 
seams  now,  and  at  very  much  greater  depths  than  formerly,  the 
circumstances  being,  according  to  the  argument  of  naked  light  sup- 
porters, entirely  against  any  improvement. 

Mr.  J.  G.  Weeks  (Bedlington)  wrote  that  Mr.  Hall,  one  of  H.M. 
inspectors  of  mines,  had  written  a  paper  purporting  to  deal  with  "  The 
Cost  and  Efficiency  of  Safety-explosives  as  compared  with  Gunpowder." 
Seeing  that  the  recent  order  of  the  Secretary  of  State,  promulgated  most 
probably  after  consultation  with  himself  along  with  the  other  inspectors, 
was  under  appeal  by  petitions  from  both  the  employers  and  employed  in 
the  counties  of  Northumberland  and  Durham,  the  paper  in  question  was 
one  that  should,  in  his  opinion,  not  have  been  originated  at  this  junc- 
ture. 

The  paper  dealt  with  blasting-powder  and  safety-explosives,  yet  in 
Table  I.,  No.  7  colliery,  gelignite  was  named  as  the  explosive  in  use,  and 
no  doubt  formed  an  ingredient  in  the  so-called  deductions.  Gelignite 
was  not  a  safety-explosive  and  should  be  eliminated. 

The  figures  of  0'61d.  per  ton  for  blasting-powder  and  0-92d.  per  ton 
for  safety-explosives  may  be  the  representative  costs  per  ton  of  the 
respective  explosives  in  the  evidently  soft  coal-seams  of  Lancashire, 
judging  from  the  small  percentage  of  round  coal  shown  in  Table  I., 
but  such  costs  did  not  represent  those  of  other  districts  where  the  seams 
were  of  a  different  average  height  and  of  a  different  degree  of  hardness. 

It  was  obvious  that  the  cost  per  ton  would  vary  with  the  thickness  of 
the  seam  mined  and  with  the  number  of  shots  and  the  quantity  of 
explosive  used  to  bring  down  the  coal,  with  the  hardness  of  the  coal, 
the  readiness  or  otherwise  with  which  it  separated  from  the  roof  or  floor 
of  the  mine,  or  the  various  beds  of  stone  or  band  with  which  the  seam  of 
coal  wrought  may  be  interstratified.  The  cost  in  steam-coal  collieries 
of  safety-explosives  was  very  much  in  excess  of  Mr.  Hall's  figures. 

With  regard  to  stone-work,  it  had  not  been  found  in  his  practice  that 
safety-explosives  had  an  advantage  of  at  least  25  per  cent,  over  blasting- 
powder  ;  however  true  this  may  be  of  Lancashire  with  its  rocks  and 
metals  (in  which  last  measures,  we  are  told  in  the  paper,  there  was  no 
difference  between   blasting-powder  and  safety-explosives)  it  was  not 
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found  to  be  so  in  the  strata  met  with  in  the  steam-coal  collieries  of 
Northumberland,  and  the  cost  of  safety-explosives  in  stone-work  (bellite) 
may  safely  be  put  down  at  least  as  double  that  of  blasting-powder. 

There  was,  however,  beyond  this  item  of  the  question  of  cost — in 
itself  an  item,  as  he  was  well  aware,  of  no  account  with  certain  theorists — 
the  not  unimportant  consideration  of  what  physical  results,  the  firing 
of  high  or  safety-explosives  had,  upon  the  overlying  and  surrounding 
substances  other  than  that  which  was  immediately  mined  and  removed. 
Effects  that  did  not  immediately  show  themselves,  but  which  followed 
these  results,  he  suggested  would  be  found  in  the  casualties  that  resulted 
from  falls  of  roof  and  sides.  Unfortunately  Mr.  Hall  had  omitted  to 
give  in  tabular  form  these  figures  for  his  district,  but  had  substituted  a 
table  relating  to  the  Northumberland  and  Durham  inspection-districts,  to 
attempt  the  proving  of  something  that  had  nothing  to  do  with  safety- 
explosives.  It  was  perhaps  too  late  to  ask  him  to  supply  it  now,  and 
possibly  were  it  produced,  the  result  would  show  that  the  nemesis  of  the 
safety-explosives  was  a  deity  that  required  the  loss  of  five  or  six  times  the 
number  of  lives  which  the  writer  of  the  paper  endeavoured  to  show  was 
required  from  those  carelessly  handling  blasting-powder. 

Mr.  Hall,  with  the  zeal  of  an  advocate,  introduced  a  tabular  statement 
as  to  deaths  from  explosions  of  gas  by  candles — a  matter  totally  foreign  to 
his  subject,  and  he  did  not  therefore  further  allude  to  it,  except  as  to  its 
being  extraneous  to  the  matter  under  notice. 

He  objected  to  Mr.  Hall's  very  sweeping  remarks,  where  he  stated 
that  in  the  steam-coal  collieries  none  of  these  safeguards  have  been 
introduced,  as  it  is  an  exaggerated  statement.  He  had  used  bellite  since 
1892  at  the  pits  of  the  Bedlington  Coal  Co.,  Ltd.,  one  of  the  largest 
steam-coal  collieries  in  Northumberland,  and  safety-lamps  since  1872, 
and  of  his  own  knowledge  knew  of  lamps  being  in  use  in  1859,  and 
probably  long  before.  If  the  rest  of  Mr.  Hall's  so-called  facts  were  as 
recklessly  extravagant,  he  was  afraid  that  the  result  would  be  not  to 
remove  misconceptions,  but  to  create  them. 

Mr.  T.  R.  Ellis  (Wigan)  wrote  that  there  was  a  general  consensus 
of  opinion  amongst  coal-owners  that  alterations  should  be  made  in  the 
explosives  order  in  certain  matters  of  detail,  but  Mr.  Hall's  paper  and 
his  figures  gave  what  seemed  to  him  to  be  an  unanswerable  support  to  the 
view  which  he  thought  was  generally  held  in  Lancashire,  that  the  order 
(in  whatever  form  it  should  be  ultimately  approved)  should  apply  to  every 
district  alike. 

27 
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Mr.  J.  B.  Simpson  (Newcastle-upon-Tyne)  wrote  that  Mr.  Hall  in 
his  estimates  as  to  the  cost  per  ton  of  coal,  of  gunpowder  and  other 
explosives,  did  not  add  anything  for  the  shot-firer,  which,  in  many  cases, 
would  be  a  considerable  additional  expense. 

It  seemed  to  him  that,  generally,  Mr.  Hall's  comparison  was  not  a 
fair  one,  and  that  he  had  not  arrayed  a  sufficient  number  of  facts  in 
each  district,  such  as  the  number  of  accidents,  as  well  as  the  deaths,  the 
hardness  of  the  coal  and  stone,  the  number  of  shots  fired,  and  many  other 
particulars,  to  enable  a  fair  comparison  to  be  formed,  and  he  could  not 
therefore  accept  his  conclusions  as  being  correct. 

He  noticed  that  Mr.  Hall  had  not  given  a  detailed  account  of  the 
accidents  from  blasting-powder,  etc.,  in  West  Lancashire  as  he  had  done 
in  Table  I.  for  Northumberland,  and,  therefore,  on  this  point  one  could 
not  make  a  comparison.  He  also  thought  that  the  author  in  endeavour- 
ing to  compare  Northumberland  with  West  Lancashire  in  Tables  II.  and 
III.,  should  have  continued  the  comparison  as  to  the  falls  of  roof,  and 
Table  IY.  should  have  been  differently  constructed,  but  he  no  doubt 
foresaw  the  result  and  went  off  at  a  tangent,  comparing  Northumberland 
with  Durham,  and  made  a  haphazard  statement  that  in  Durham  safety- 
lamps  were  generally  used,  and  in  Northumberland  candles  largely  used. 
He  objected  to  this  statement,  as  it  was  not  accompanied  by  statistics 
to  prove  it,  and  believed  that  the  truth  was  the  other  way,  but,  whether 
or  not,  he  neglected  the  fact,  which  he  should  have  known,  that  the 
Northumberland  statistics  include  a  large  proportion  of  Durham,  so  that 
this  comparison  was  worthless. 

As  Mr.  Hall  had  not  compared  West  Lancashire  with  Northumber- 
land as  to  falls  of  roof,  he  would  do  it  for  him,  and  make  a  revised  Table 
IV.  as  follows  : — 


Years. 

1891 
1892 
1893 
1894 
1895 

Totals     and 
averages... 

Northumberland  Mites 
Inspection-District. 

West  Lancashire  Minea 
Inspection-District. 

Deaths. 

Persons 

Employed 

Underground. 

Persons 
Deaths.        Employed 
Underground. 

32 
37 
47 
37 
26 

53,140 
54,397 
54,325 
56,726 
56,076 

60 
40 
41 
43 
45 

44,472 
46,044 
46,444 
47,108 
46,587 

179 

54,932 

229 

46,131 

The  preceding  table  showed  the  net  result  for  the  five  years  to  be,  that 
in  Northumberland  there  was  1  person  in  1,534  killed  by  falls  of  stone, 
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and  in  West  Lancashire  1  in  1,007,  showing  Northumberland,  in  this 
respect,  to  be  53  per  cent,  safer. 

He  thought  that  Mr.  Hall,  before  taking  upon  himself  the  position 
of  an  umpire,  should,  in  coming  to  a  decision,  have  evidence  of  all 
material  facts  of  the  cases,  as  it  seemed  to  him  a  very  dangerous  thing 
to  compare  one  district  with  another,  without  knowing  fully  the  varying 
conditions  of  each  ;  and  especially  before  charging  any  district  with  want 
of  skill,  and  making  other  disparaging  statements  against  it. 

He  strongly  objected  to  his  using  such  an  expression  as  "  obstinate 
adherence  to  antique  methods  of  mining"  being  applied  to  Northumber- 
land ;  and  further,  he  did  not  think  that  one  of  H.M.  inspectors  of  mines 
was  justified  in  using  it. 

He  would  carry  Mr.  Hall  a  little  further  in  his  comparison  of  North- 
umberland with  West  Lancashire.  Taking  all  the  accidents  for  the  past 
five  years,  the  total  loss  of  life  underground  was,  in  Northumberland,  1 
person  killed  for  785  employed,  and  in  West  Lancashire  1  in  616  ;  and 
during  the  year  1895,  he  found  that  for  1  death  in  Northumberland 
255,900  tons  of  coal  was  worked,  and  in  West  Lancashire  1  death  for 
142,610  tons  worked,  or  in  Northumberland  nearly  double  the  quantity 
of  tons  per  fatal  accident ;  so  that,  after  all,  its  "  antique  method  of 
mining"  was  not  the  most  dangerous  in  the  country.  He  did  not  agree 
with  Mr.  Hall  that  he  had  endeavoured  to  remove  misconception  ;  but, 
on  the  contrary,  he  had  endeavoured  to  bolster  up  his  theories  by  giving 
unfair  comparisons  and  withholding  material  statistics. 

In  Northumberland  and  Durham,  we  were  as  much  alive  to  the  safety 
of  mining  as  Mr.  Hall  could  be ;  and  we  were  quite  as  able  to  decide, 
when  proper  facts  were  placed  before  us,  as  to  whether  blasting-powder 
or  so-called  safety-explosives  were  the  better.  Mr.  Hall's  paper,  he 
thought,  should  have  comprised  only  the  statistics  that  he  had  obtained, 
and  should  have  omitted  his  haphazard  remarks  and  comparisons,  which 
appeared  to  him  worse  than  mischievous. 

Messrs.  T.  E.  Forster  and  H.  Ayton  (Newcastle-upon-Tyne)  wrote 
that  at  the  outset,  Mr.  Hall  spoke  of  the  permitted  explosives  in  the 
Explosives  in  Coal-mines  Order,  1896,  as  being  the  most  "suitable 
and  reliable."  As  to  the  reliability  of  all  of  them,  there  would  appear  to 
be  some  doubt,  since  certain  of  these  explosives,  after  undergoing  a  series 
of  exhaustive  tests  at  Hebburn,  certainly  did  not  show  that  they  could 
be  depended  on  with  anything  like  certainty. 

They  had  grave  doubts  as  to  the  value  of  the  figures  given  in  Mr. 
Hall's  paper.     Averages  taken  in  the  way  in  which  Mr.  Hall  had  taken 
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them  were  very  .apt  to  be  deceptive,  and  a  comparison  between  results 
obtained  in  some  cases  as  far  back  as  1882  to  1888,  and  those  of  last  year 
were  unreliable.  There  were  a  great  many  other  facts  and  conditions 
which  would  have  to  be  carefully  enquired  into,  before  anyone  would  be 
justified  in  drawing  such  a  hard-and-fast  line  as  to  the  cost  of  safety- 
explosives  as  compared  with  blasting-powder. 

Concerning  the  percentage  of  round  coal  obtained  by  safety-explosives, 
here  again  they  could  not  consider  the  results  as  by  any  means  a  fair 
average.  There  were  only  four  of  the  collieries  which  recorded  the  results 
of  consecutive  or  nearly  consecutive  years,  putting  aside  the  case  of 
gelignite,  which  was  neither  blasting-powder  nor  a  safety-explosive. 
These  four  instances  were,  they  thought,  quite  sufficient  to  prove  that 
Mr.  Hall's  figures  were  untrustworthy. 

The  mischief  caused  by  high  explosives  was  not,  however,  always  dis- 
coverable on  the  screens,  especially  in  the  case  of  coals  disposed  of 
by  shipment,  which  was  very  largely  the  case  in  the  two  northern 
counties.  It  was,  they  believed,  a  fact  that  the  disintegration  during 
the  voyage  was  found  to  be  much  greater  after  the  use  of  safety- 
explosives,  and  this  in  itself  Avas  undoubtedly  a  very  serious  question  where 
foreign  competition  was  directly  encountered. 

As  to  the  25  per  cent,  of  economy  in  cost  of  safety-explosives  when 
applied  to  stone-work,  Mr.  Hall  appeared  to  be  satisfied  by  merely  making 
the  bare  assertion  without  appending  any  figures  to  support  it,  except  in- 
one  case  which  he  mentioned.  This  statement  was  contrary  to  their 
experience. 

As  regards  the  remainder  of  the  paper,  Mr.  Hall  wandered  from 
his  subject  to  discuss  various  points  which  were  unconnected  with  the 
matter  he  had  in  hand,  with  the  object  apparently  of  proving  that 
Northumberland  steam-coal  collieries  were  serious  defaulters.  In  order 
to  do  so,  he  made  comparisons,  in  the  first  instance,  between  the  West 
Lancashire  and  the  Northumberland  mines  inspection-districts,  which 
showed  at  once  that  he  had  no  acquaintance  with  the  latter.  In  the 
case  of  falls  of  roof  and  side,  he  compared  the  Northumberland  mines 
inspection-district  with  the  Durham  mines  inspection-district,  leaving 
West  Lancashire  in  the  background.  The  reason  for  this  was  only  too 
evident  to  anyone  who  would  take  the  trouble  to  look  up  the  statistics 
for  West  Lancashire. 

There  was  nothing  to  show  where  Mr.  Hall  had  acquired  his  infor- 
mation as  to  no  safeguards,  such  as  so-called  safety-explosives  and  safety- 
lamps,  being  used  in  Northumberland  steam-coal  collieries  ;   but  they 
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could  assure  him  that  such  was  not  the  case,  since  more  than  one  colliery 
had  for  some  time  now  used  a  safety-explosive  mentioned  in  the  order 
of  the  Secretary  of  State,  and  safety-lamps  were  by  no  means  an  unknown 
commodity  in  those  mines  "  specially  favoured  by  nature."  That  there 
appeared  to  be  a  "  serious  misconception  "  with  regard  to  Northumber- 
land they  readily  agreed,  considering  that  the  Explosives  in  Coal-mines 
Order  was  issued  with  a  view  to  the  prevention  of  accidents  from 
explosions  of  gas  and  coal-dust ;  but  to  infer  that  by  using  safety- 
explosives  the  accidents  which  Mr.  Hall  enumerated  in  Appendix  0 
would  have  been  prevented  was  undoubtedly  a  question  open  to  dispute. 

So  far  as  "  haphazard  statements  "  were  concerned,  they  quite  agreed 
with  Mr.  Hall,  and  for  this  reason  they  thought  it  would  have  been  pre- 
ferable and  would  have  enhanced  the  value  of  his  paper  had  Mr.  Hall 
made  himself  better  acquainted  with  this  district  before  writing  upon  it. 

Mr.  W.  0.  Wood  (Sunderland)  wrote  that  Mr.  Hall's  paper  was  a 
striking  exemplification  of  the  axiom  that  figures  and  statistics  could  be 
made  to  prove  anything,  and  the  danger  and  misleading  character  of 
statements  containing  half-truths.  Having  been  amongst  the  pioneers 
in  the  use  of  safety-explosives  in  the  county  of  Durham  he  might  claim 
to  be  as  strong  an  advocate  of  their  use,  where  the  conditions  render 
them  necessary,  as  the  writer  of  the  paper. 

He  failed  to  see  the  startling  character  of  the  statistics  contained  in 
Table  II.,  as  he  had  looked  over  the  details  of  the  Northumberland 
accidents  in  1895,  and  unless  the  other  years  showed  different  results,  a 
very  poor  case  was  made  out  against  blasting-powder.  The  7  fatal  cases 
and  29  injuries  were  reduced  at  once  to  6  and  28,  as  one  of  each  was  with 
gelignite  and  not  with  blasting-powder.  Of  these,  5  fatal  cases  and 
17  cases  of  injuries  might,  in  his  opinion,  have  occurred  Avith  any  other 
explosive ;  so  that  the  number  dwindled  to  1  fatal  case  and  1 1  cases  of 
injuries.  In  addition,  he  was  of  opinion  that,  to  make  a  fair  and  reliable 
comparison,  the  quantity  of  blasting-powder  used  or  the  estimated 
number  of  shots  fired  in  each  inspection  district  should  have  been  set 
out. 

He  regretted  his  inability  to  confirm  Mr.  Hall's  statement  with 
regard  to  the  superior  efficiency  of  safety- explosives  for  ordinary  stone- 
work. In  his  experience,  instead  of  being  25  per  cent,  better,  safety- 
explosives  were  no  better,  and  certainly  much  more  expensive. 

As  regards  the  use  of  safety-lamps,  he  would  by  all  means  substitute 
them  for  candles  where  found  necessary,  but  he  could  not  for  a  moment 
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suppose  that  Mr.  Hall  seriously  suggested  that  an  ordinary  safety -lamp 
gave  as  much  light  as  a  candle  ;  at  all  events  he  had  not  yet  made  the 
acquaintance  of  that  lamp,  unless  it  be  an  electric  one. 

He  thought  that  Table  IV.,  containing  a  comparison  between  the 
Durham  and  Northumberland  mines  inspection -districts,  was  quite  mis- 
leading, as  a  large  proportion  of  the  Durham  pits  used  candles,  whereas 
the  table  treated  all  of  them  as  being  users  of  lamps  Without  the 
numbers  using  the  respective  systems  being  detailed,  Table  IV.  was 
quite  useless,  as  the  mines  using  candles  in  Durham  were  as  safe  as  open 
quarries.  The  application  of  the  Secretary  of  State's  order  to  such 
mines  was  oppressive  and  absolutely  unnecessary,  and  no  one  knew  or 
ought  to  know  their  characteristics  better  than  Mr.  Hall.  The  Durham 
colliery  of  which  Mr.  Hall  was  in  charge  during  his  career  as  a  mining 
engineer  was  (and  is)  of  this  character,  and  so  were  all  the  mines  in  the 
very  large  district  in  which  it  was  situated.  He  could  not  conceive  that 
Mr.  Hall  really  believed  in  the  necessity  of  the  application  of  the 
Secretary  of  State's  order  to  such  mines,  or  that  it  was  not  a  serious  and 
unnecessary  burden  on  the  industry. 

Mr.  G.  E.  J.  McMurtrie  (Cinderford)  wrote  that  Mr.  Hall's  paper 
was  probably  the  most  important  communication  on  the  comparative 
costs  of  gunpowder  and  the  permitted  explosives  that  had  yet  appeared, 
embracing  as  it  did  the  results  of  twenty  firms  who  drew  5,000,000  tons 
of  coal  per  year.  He  had  made  a  few  comparative  experiments  with 
carbonite  and  gunpowder  which  showed  that  the  cost  of  the  permitted 
explosives  was  double  that  of  gunpowder  in  working  coal,  nearly  double 
that  of  gunpowder  in  shale,  and  practically  the  same  in  rock.  Mr.  Hall's 
figures  for  coal  showed  that  the  cost  of  permitted  explosives  was  half  as 
much  again  as  gunpowder,  while  for  stone-work  he  claimed  that  the 
permitted  explosives  were  more  economical.  An  extended  use  of  carbon- 
ite would  no  doubt  also  reduce  in  his  (Mr.  McMurtrie's)  case  the  cost  of 
the  explosives  per  ton,  possibly  as  low  as  Mr.  Hall's  figures.  But  in  his 
case,  as  the  district  was  non- fiery,  the  additional  cost  of  shot-firers  must 
be  added.  In  limited  experiments  it  was  impossible  to  obtain  any 
reliable  results  as  to  the  relative  proportions  of  large  and  small  coal, 
but  in  some  of  the  shots  no  more  breakage  resulted  with  carbonite  than 
gunpowder  would  have  produced. 

The  closer  sizing  of  coal  by  mechanical  screens  must  add  to  the 
proportion  of  large  coal  in  spite  of  the  better  screening  which  ensured 
less  slack  being  left  in  the  better  qualities,  and  thus  the  alteration  in  the 
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last  few  years  in  screening  must  prevent  the  obtaining  of  reliable  relative 
results  as  to  the  effect  of  the  explosives  on  the  size  of  coal  produced.  In 
addition  to  this,  the  coal  worked  at  most  collieries  varied  greatly  in 
hardness  from  time  to  time,  and  this  variation  precluded  the  obtaining  of 
exact  figures  for  the  purposes  of  comparison. 

Many  mine-owners  and  colliery  managers  could  not  accept  Mr.  Hall's 
statement  that  they  had  not  been  severely  dealt  with  by  legislation. 
Many  persons  stated  that  legislation  had  entailed  an  increased  cost  of 
production  of  at  least  Is.  per  ton,  and  even  if  this  figure  be  deemed 
excessive  there  was  no  doubt  that  considerably  increased  cost  had  ensued. 

The  comparative  figures  given  as  to  the  killed  and  injured  by 
explosives  in  Northumberland  and  West  Lancashire  were  very  striking, 
and  clearly  showed  that  additional  safety  was  obtained  by  the  use  of  the 
permitted  explosives.  It  would,  however,  be  of  general  interest  to  know 
how  much  of  this  improvement  was  due  to  firing  by  electricity,  which, 
strangely  enough,  had  not  been  made  compulsory  by  the  Secretary  of 
State's  order. 

The  results  contained  in  Tables  II.,  III.,  and  IV.  showed  that  the 
additional  safeguards  obtained  from  recent  writings  and  experiments 
and  the  resultant  legislation  therefrom  had  materially  reduced  the  loss 
of  life  due  to  the  causes  considered  in  Mr.  Hall's  paper,  and  should  urge 
mining  engineers  to  renewed  efforts  to  secure  further  efficiency. 

Mr.  H.  Hall,  replying  to  the  discussion,  thanked  the  members  for 
the  courteous  way  in  which  they  had  received  his  paper.  The  President 
had  asked  whether  in  estimating  the  cost  he  had  taken  into  consideration 
the  regulation  that  the  workmen  had  to  be  withdrawn  when  certain  shots 
were  fired.  The  cost  of  that  precaution — whatever  it  might  be — was 
not  included  in  the  cost  which  he  had  put  before  the  members.  The 
workmen  only  had  to  be  withdrawn  in  the  case  of  shots  being  fired  on 
main  roads.  He  did  not  think  that  inspectors  would  strain  "  main 
haulage  "  into  "  stone  drifts."  The  President  also  drew  attention  to  the 
fact  that  in  some  collieries  there  would  be  a  larger  number  of  shots  fired 
than  in  others.  No  doubt  that  would  be  so,  but  he  had  taken  a  large 
number  of  collieries,  many  working  hard  coal-seams,  and  firing  a  great 
many  shots,  and  the  result  was  computed  from  those  collieries.  The 
steam  coal-seams  of  Northumberland  might  be  harder  than  some  of  the 
Lancashire  seams  and  take  more  blasting,  but  he  did  not  think  that  the 
difference  would  be  very  great.  In  the  case  of  a  colliery  (No.  6,  North 
Wales)  working  under  the  sea,  where  none  of  the  pillars  were  taken  out, 
and  the  explosive  cost  was  entirely  for  straight  work  in  the  same  seam, 
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one  side  of  a  fault  was  worked  with  blasting-powder,  and  the  other  with 
electronite.  The  workmen  riddled  the  coal  underground  and  sent  up 
the  round  and  slack  coal  separately,  so  that  a  very  fair  comparison  could 
be  made.  The  difference  of  the  cost  of  the  explosives — l'76d.  for 
blasting-powder,  and  2'Old.  for  electronite — was  |d.  per  ton,  and  the 
percentage  of  round  coal  showed  a  difference  of  2  per  cent,  in  favour  of 
blasting-powder. 

He  had  been  asked  why  he  had  not  compared  Northumberland  with 
West  Lancashire  as  regarded  falls  of  roof.  He  compared  Northumber- 
land with  Durham  because  they  were  most  like  in  natural  circumstances. 
In  Lancashire,  the  roofs  of  the  mines  were  very  much  worse  than  in 
Northumberland,  in  consequence  of  the  Lancashire  mines  being  situated 
very  much  higher  up  in  the  Coal-measures.  He  knew  that  West 
Lancashire  was  dreadfully  bad  in  falls  of  roof,  due  to  bad  roofs  and 
workmen  timbering  their  own  places.  Statistics  always  proved  that 
where  any  matter  had  been  left  to  the  workmen  there  had  been  no 
advance  in  the  past  100  years,  but  in  any  matter  left  to  the  owners  there 
had  been  a  remarkable  progress. 

Mr.  Steavenson  had  pointed  out  that  all  recent  explosions  had  been 
in  unexpected  places  ;  in  fact,  the  four  last  explosions  had  happened  in 
coal-mines  in  which  it  had  been  held  to  be  impossible  that  such  accidents 
could  happen.  Brancepeth,  Micklefield,  and  others  showed  that  no 
reliance  could  be  placed  on  the  opinion  that  a  mine  was  safe. 

Mr.  Dickinson  had  pointed  out  that  many  accidents  in  his  list  were 
due  to  careless  handling  of  explosives.  That  was  an  important  matter  in 
comparing  the  two  classes  of  explosives.  In  the  use  of  safety-explosives, 
bad  handling  could  scarcely  cause  an  explosion,  as  they  would  not  explode 
unless  detonated,  they  would  not  take  fire,  and  were  much  safer  to  handle 
in  the  mine.  It  was  the  fashion  to  say  that  mining  legislation  had  cost 
Is.  per  ton.  Mr.  Dickinson  suggested  chat  it  had  cost  6d.  per  ton,  but  he 
challenged  the  members  to  show  that  legislation  had  enhanced  the  cost  of 
working  by  Id.  per  ton. 

He  had  an  impression  that  the  Secretary  of  State's  order  did  not 
apply  to  ironstone-mines. 

The  question  of  fumes  had,  in  his  opinion,  died  out  where  safety- 
explosives  were  used. 

The  cost  that  he  quoted  included  stone-work  in  some  cases,  but  it 
did  not  seem  to  increase  the  cost. 

The  detonator  named  in  the  order  was  that  fixed  by  the  manufacturer 
of  each  explosive. 
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He  had  taken  nearly  20  firms,  raising  5,000,000  or  6,000,000  tons, 
and  the  figures  sent  to  him  by  the  owners,  derived  from  actual  working 
over  a  long  period,  were  more  satisfactory  and  reliable  than  any  experi- 
ments could  be. 

The  only  suggestion  that  he  would  make  with  reference  to  the  Explo- 
sives in  Coal-mines  Order  was  that  it  might  be  modified.  The  words 
"main  haulage-road"  implied  some  main  road  where  the  haulage  served 
a  main  district,  but  to  extend  it  to  working-places  and  stone-drifts  was 
carrying  the  enactment  too  far,  and  making  greater  difficulties  for  the 
workers  than  could  be  compensated  by  any  advantage  in  the  way  of  safety. 
The  same  opinion  applied  to  the  definition,  not  given  in  the  Explosives 
in  Coal-mines  Order,  of  a  main  intake — a  main  intake  seemed  to  refer  to 
an  intake  of  fresh  air  serving  a  main  district  of  the  mine.  Some  of  these 
modifications  might  be  made  in  the  order  without  any  loss  in  the 
direction  of  safety. 

Mr.  Head  seemed  to  estimate  the  worth  of  getting  quit  of  colliery 
explosions  at  Id.  per  ton,  and  spoke  of  foreign  competition.  At  the 
present  moment,  however,  more  coal  was  being  raised  and  used  in 
Great  Britain  than  had  ever  been  worked  previously,  and  the  members 
would  agree  that  it  was  being  sold  at  a  sufficiently  low  price. 

He  (Mr.  Hall)  thought  that  some  reply  was  due  to  the  members  who 
had  contributed  in  writing  their  observations  on  his  paper,  but  perhaps 
this  reply  would  preferably  be  in  the  form  of  a  general  statement  rather 
than  an  attempt  to  answer  each  writer  separately. 

He  wished  in  the  first  place  to  remind  the  members  that  the  statistics 
given  in  the  paper  could  not  be  said  to  be  his  statistics.  Those  contained 
in  Table  I.  were  supplied  by  the  managers  of  the  several  collieries  applied 
to  for  information  and  were  given  as  received  without  a  figure  being 
altered,  and  those  in  Tables  II.  and  III.  were  a  mere  recapitulation  of 
the  figures  found  in  the  Annual  Reports  of  H.M.  Inspectors  of  Mines. 

There  was  no  selection  of  firms,  beyond  the  fact  that  the  larger  firms 
were  asked  as  being  most  likely  to  have  the  information  available,  and  had 
the  figures  proved  to  be  precisely  the  reverse  of  what  they  were,  that  fact 
would  not  have  deterred  him  from  submitting  them  to  the  members.  He 
was  as  much  surprised  at  the  result  of  the  comparisons  as  to  safety 
(contained  in  Tables  II.  and  III.)  as  any  of  the  members  could  be,  and  he 
quite  agreed  with  the  several  gentlemen  who  pointed  out  imperfections, 
especially  in  Table  I.,  and  also  that  the  statistics  in  that  table  would 
have  been  more  conclusive  if  it  had  been  practicable  to  include  a  wider 
area,  but  that  under  the  circumstances  was  not  possible. 


326   DISCUSSION — THE  COST  AND  EFFICIENCY  OF  SAFETY-EXPLOSIVES. 

As  it  happened,  "West  Lancashire  had  had  a  longer  and  more  extensive 
experience  of  safety-explosives  than  any  other  district,  and  it  was  there- 
fore natural  that  West  Lancashire  should  be  selected  as  being  most  likely 
to  afford  the  best  information  as  to  the  cost  and  effect  of  changing  from 
blasting-powder  to  safety-explosives.  Northumberland  had  on  the 
contrary  identified  itself  as  the  upholder  of  the  system  of  blasting-powder ; 
hence  the  comparison  of  the  two  districts. 

He  had  endeavoured  to  allow  the  statistics  to  speak  for  themselves  as 
far  as  possible,  and  he  only  drew  such  conclusions  as  were  palpable  and 
unavoidable.  Some  of  the  writers  complained  of  the  conclusions  drawn  as 
being  somewhat  unfair,  but  he  thought  that  if  they  examined  the  statistics 
carefully  and  impartially  they  could  hardly  justify  that  view.  He  noticed 
that  several  of  the  writers,  notably  Prof.  Louis,  manipulated  the  statistics 
in  a  different  way  from  the  author,  with  the  result  that  his  conclusions 
and  the  author's  were  almost  identical ;  and  whenever  the  writers  quoted 
examples  of  their  own  experience,  their  results  did  not  differ  materially 
from  those  given  in  his  paper. 

He  would  be  glad  if  some  member  who  had  a  liking  for  statistics 
would  take  in  hand  Tables  II.  and  III.  and  hunt  up  all  the  details  of  each 
accident  in  the  lists  ;  by  doing  this  he  would  obtain  even  more  decisive 
evidence  in  condemnation  of  blasting-powder  and  candles  than  was  shown 
by  the  tables  in  their  present  form. 

It  was  important  to  remember  that  the  Northumberland  inspection- 
district  produced,  as  pointed  out  by  Mr.  Merivale,  30  per  cent,  more 
coal  than  Lancashire,  with  a  similar  number  of  hands  underground,  this 
implied  that  the  coal  was  more  easily  worked  in  Northumberland,  or  it 
might  be  that  the  seams  being  thicker  there,  each  shot  brought  down  a 
large  quantity  of  coal,  and  thus  ton  for  ton  less  explosive  was  needed  in 
Northumberland.     (Mr.  Merivale's  inference  was  the  reverse  of  this.) 

It  was,  he  thought,  likely  that  there  were  both  in  Durham  and 
Northumberland  a  considerable  number  of  collieries  of  the  class  suggested 
by  Mr.  TV.  0.  "Wood,  where  fire-damp  was  never  found,  and  these  in  con- 
sequence would  escape  the  provision  as  to  electric  firing,  and  thus  be 
spared  a  material  part  of  the  cost  of  the  change. 

Should  the  quantity  of  small  coal  be  excessive,  a  remedy  could  be 
found  by  firing  all  coal-shots  after  the  colliers  had  left,  as  under  this 
system  the  men  holed  their  coal  12  or  18  inches  deeper,  and  thus  more 
round  coal  was  obtained. 

It  may  be  taken  for  granted  that  even  in  the  absence  of  any  explosives 
order  the  question  of  miners  firing  their  own  shots  would  have  been  dealt 
with  in  new  special  rules. 
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It  would  hardly  be  of  interest  to  the  members  to  attempt  to  deal  with 
the  various  opinions  which  had  been  expressed,  although  they  were  by  no 
means  unanswerable,  because  mere  expressions  of  opinion  unbacked  by 
facts  were  really  not  very  convincing,  though  as  coming  from  men  of 
experience  they  must  be  treated  with  respect. 

He  was  sorry  if  the  words  "  antique  "  and  "  primitive  "  used  in  the 
paper  had  given  real  offence  to  anyone,  but  those  words  were  certainly 
descriptive  of  how  such  things  as  candles,  squibs,  and  straws  in  coal-mines 
appealed  to  him.  He  must  confess  that  he  could  not  understand  the 
mental  attitude  of  mining  engineers  who  adhered  to  them,  in  the  face  of 
such  accidents  as  those  recently  occurring  at  Brancepeth  and  Micklefield 
collieries. 

The  President,  in  moving  a  vote  of  thanks  to  Mr.  Hall  for  his 
interesting  paper,  said  that  he  was  glad  to  hear  Mr.  Hall  state  that 
there  was  a  possibility  of  getting  the  application  of  the  order  modified. 
Blasting-powder  was  used  in  about  half  of  the  mines  of  the  Northumber- 
land inspection-district.  If  the  Secretary  of  State  would  revise  the 
order  and  alter  its  provisions  so  that  explosives  could  be  more  freely 
used,  he  would  meet  the  views  of  the  coal  trade  generally. 

The  vote  of  thanks  was  accorded  by  acclamation. 


The  following  paper  by  Mr.  J.  Coquillion  on  the  "  Determination  of 
Fire-damp  in  French  Collieries  "  was  taken  as  read  : — 
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DETERMINATION  OF  FIRE-DAMP  IN  FRENCH  COLLIERIES. 


By  J.  COQUILLION. 


History.— In  1875,  after  the  explosion  at  the  Jabin  Pit,  Saint- 
Etienne,  attention  was  turned  to  the  fire-damp  question  in  France. 
The  National  Assembly  voted  the  sum  of  £2,000  (50,000  francs)  for 
making  experiments  and  conducting  investigations  as  to  the  possibility 
of  lessening  the  dangers  incurred  by  miners ;  and  a  commission  was 
appointed.  Mr.  Griiner,  vice-president  of  the  Council-General  of  Mines, 
was  of  opinion  that,  in  the  then  state  of  science,  air  alone  could  not  be 
freed  from  fire-damp,  and  that  consequently  a  more  active  ventilation  was 
required  which,  penetrating  into  the  working-places,  might  drive  out  the 
dangerous  gases.  In  order  to  keep  a  check  upon  the  ventilation,  it  was 
necessary  to  possess  sufficiently  correct  fire-damp  indicators,  and  also 
apparatus  for  making  quantitative  analyses,  which  should  permit  of  controll- 
ing and  checking  the  composition  of  the  air  in  the  working-places.  When 
making  his  first  investigations  in  connexion  with  the  analysis  of  com- 
bustible gases,  the  author  placed  himself  in  communication  with  Mr. 
Griiner,  who  attached  considerable  importance  to  the  improvements 
introduced  into  the  apparatus  used  for  this  purpose. 

Unfortunately  however  death  soon  overtook  Mr.  Griiner ;  and  the 
commission  which  had  been  appointed,  pursuing  other  views,  limited  its 
labours  during  twelve  years  to  making  laboratory  experiments  which  led 
to  no  practical  result.  Inasmuch  however,  as  explosions  continued  to 
occur,  public  opinion  was  roused  ;  and  a  fresh  commission  was  appointed, 
which  followed  up  the  ideas  of  Mr.  Griiner,  while  the  methods  of  working 
were  modified.  In  some  pits,  two  fans  were  erected  instead  of  one  ;  and  a 
systematic  watch  on  fire-damp  was  begun.  No  attempt  was  made  however 
to  found,  as  in  Germany,  experimental  stations  for  making  observations  on 
fire-damp  and  ventilation,  placed  in  charge  of  practical  chemists  ;  and  at 
Saint-Etienne,  workmen,  trained  for  the  purpose,  made  the  determina- 
tions or  the  observations.  Moreover,  the  whole  reform  is  contained  in  the 
special  regulations  issued  about  a  year  ago,  of  which  the  following  are 
the  main  provisions  : — 
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The  fire-damp  content  in  the  return  airways  shall  be  taken  daily  in  mines 
undoubtedly  subject  to  fire-damp,  and  at  least  once  a  week  in  those  but  slightly 
so  subject,  the  observations  being  recorded  in  a  book  on  the  day  that  they  are 
made.  Every  fiery  mine  must  be  provided  with  two  fire-damp  indicators  and  an 
apparatus  for  making  quantitative  analyses  of  the  air.  The  indicators  must  record 
a  content  of  \  per  cent,  of  the  dangerous  gas  ;  and  their  use  should  not  involve 
greater  danger  than  what  may  result  from  the  use  of  safety-lamps  of  the  types 
adopted. 

The  object  of  this  paper  is  not  to  deal  with  the  working  of  coal  or 
the  ventilation  of  collieries,  but  simply  to  describe  the  apparatus  devised 
by  the  author  for  determining  the  percentage  of  fire-damp,  viz. : — 

(1)  Apparatus  for  return  airways,  giving  the  fire-damp  content 
correct  to  within  0*01  per  cent. 

(2)  Laboratory  apparatus,  working  with  water,  permitting  an  ap- 
proximation of  0#10  per  cent.,  while  it  also  gives  the  carbonic  acid  and 
oxygen  contents. 

(3)  Combustion  over  mercury,  permitting  an  approximation  of  0*20 
per  cent. ;  and 

(4)  The  portable  indicator,  that  may  be  used  in  the  mine,  and 
practically  gives  results  correct  to  within  \  per  cent. 

1. — Fire-damp  Indicator  giving  Indications  Correct 
to  0*01  Per  Cent. 

Eeferring  to  Fig.  1  (Plate  I.),  the  bell-glass  G,  of  about  12  cubic 
inches  (200  cubic  centimetres)  capacity,  is  closed  at  the  bottom  by  an 
indiarubber  plug  or  cover  with  four  holes,  of  which  two  receive  the  brass 
terminals  of  a  battery  or  any  other  source  of  electricity,  holding  between 
them,  by  means  of  binding-screws,  a  coil  or  spiral  of  platinum  wire  P, 
inside  and  at  the  bottom  of  the  bell-glass.  The  remaining  holes  receive 
two  glass  tubes,  one  of  which,  A,  rising  to  the  top  of  the  bell-glass,  is  bent 
horizontally  below  the  indiarubber  plug,  and  is  connected  by  means  of  a 
T-shaped  tube  both  with  the  bell-jar  V,  to  which  is  transferred  the  gas 
to  be  analysed,  and  with  the  bent  tube  N,  that  dips  into  the  vessel  con- 
taining water  in  which  V  is  also  immersed.  The  connexions  are  made 
with  pieces  of  indiarubber  tubing  ;  and  communication  is  made  or  shut 
off  by  stopcocks  or  clips.  The  graduated  tube  B  does  not  rise  higher  than 
about  /o-  inch  (2  to  3  millimetres)  above  the  indiarubber  plug,  so  as  to 
ensure  its  being  sealed  with  water  ;  but  it  is  continued  downwards  for 
about  4  inches  (100  millimetres),  terminating  in  a  bulb,  so  as  to  allow  the 
gas  to  expand  freely,  and  is  connected  by  an  indiarubber  tube  with  the 
lower  portion  of  the  receiver  F,  which  may  be  raised  or  lowered  as  desired. 
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The  inside  diameter  of  the  graduated  tube  B,  when  the  quantity  of  gas 
to  be  dealt  with  is  slight,  is  about  0'06  inch  (1  to  2  millimetres),  so  that 
a  cubic  centimetre  may  be  divided  into  20  or  25  parts  ;  but  in  the  case  of 
a  mixture  containing  a  larger  proportion  of  methane  it  must  have  a  larger 
diameter.  The  glass  cylinder  M,  permitting  of  water  circulation,  sur- 
rounds the  bell-glass  G,  and  may  either  stop  short  at  the  level  of  the  india- 
rubber  plug,  being  itself  closed  by  a  cork  cover,  as  shown  in  Fig.  1,  or 
it  may  be  continued  downwards  so  that  the  graduated  tube  may  be  sur- 
rounded by  water,  in  which  case  the  terminals  and  the  exit-tube  must 
be  continued  so  as  to  pass  through  the  cork  cover.  The  whole  arrange- 
ment is  held  in  place,  at  a  suitable  height,  by  the  stand  D. 

Preparing  the  Apparatus  for  Use. — The  vessel  0  and  bell-jar  V 
must  be  filled  with  water  of  practically  the  same  temperature  as  that 
circulating  through  the  cylinder  M.  The  movable  flask  F,  also  filled 
with  water  of  the  same  temperature,  is  raised,  so  as  to  allow  the  water  to 
flow  into  the  graduated  tube  B  and  thus  into  the  vessel  G,  while  the  air 
escapes  through  the  end  H  of  the  tube  N.  The  air  will  soon  be  driven 
off,  and  the  whole  arrangement  filled  with  water,  if  care  has  been  taken  to 
regulate  the  current  of  water  circulating  through  the  cylinder  M.  The 
cocks  must  then  be  closed — or  the  clips  tightened,  as  the  case  may  be — 
and  the  flask  kept  at  rest  in  its  position.  Unless  the  gas  to  be  analysed 
has  already  been  introduced  into  the  bell-jar  V,  this  must  now  be  done  ; 
and  there  only  remains  to  transfer  it  to  the  vessel  G. 

Working  of  the  Apparatus. — If  the  bell-jar  V  be  placed  in  com- 
munication with  the  vessel  G  by  opening  the  cock  B,  and  if  the 
flask  F  be  lowered,  the  gas  contained  in  V  will  rise,  drawing  along  the 
water  in  the  tubes,  and  will  pass  into  the  vessel  G.  When  it  has 
practically  attained  the  level  of  the  platinum  spiral,  the  cock  B  is  closed, 
and  the  cock  B'  opened,  while  at  the  same  time  the  flask  F  is  lowered. 
The  water  will  rise,  driving  before  it,  into  the  vessel  G,  the  gas  left 
behind  that  might  escape  being  burnt ;  and  it  will  soon  reach  the  top  of 
the  inlet-tube.  Both  stopcocks  must  now  be  closed,  and  the  flask  allowed 
to  remain  in  its  then  position,  when  the  water  will  stop  at  a  certain 
level.  The  operator  must  wait  until  the  level  is  stationary,  showing  that 
the  volume  is  constant  ;  and  in  this  connexion  it  may  be  observed  that 
there  are  water-seals  throughout,  so  that  escape  of  gas  or  entrance  of  air 
is  impossible.  The  length  of  time  necessary  for  the  water-level  to  become 
stationary,  and  consequently  the  volume  constant,  depends  upon  the  differ- 
ence between  the  temperature  of  the  water  and  that  of  the  gas  introduced. 
If  the  flask  be  placed  above  the  level  of  the  water  in  the  tube,  the 
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observation  will  be  made  under  pressure  ;  and,  if  it  be  placed  below,  the 
pressure  will  be  less  than  that  of  the  atmosphere. 

Making  an  Observation. — "When  the  level  has  become  constant,  as 
ascertained  by  observing  the  division  on  the  graduated  tube  B,  at  which 
the  water  has  stopped,  or  by  a  small  index  sliding  along  the  tube,  the 
battery  or  other  source  of  electricity  is  connected,  and  the  current 
made  to  pass  through  the  platinum  spiral,  which  is  thus  rendered 
incandescent.  The  observer  must  first  ascertain,  however,  that  the  wire 
is  not  liable  to  melt ;  but,  if  this  should  happen,  the  wire  may  easily  be 
renewed.  The  experiment  may  last  20  seconds,  which  is  generally 
sufficient  ;  but  it  is  advisable  to  pass  the  current  twice  running  through 
the  platinum  wire,  with  from  3  to  4  seconds  interval  between,  in  order  to 
make  sure  of  burning  all  the  gas.  The  operator  must  wait  until  the 
apparatus  cools  down  ;  and  the  gas  will  take  some  little  time  to  return  to  its 
point  of  departure.  In  an  experiment  made  with  pure  air,  from  10  to 
12  minutes  are  required  for  the  water-level  to  return  to  the  same  point  ; 
but  at  the  end  of  this  period,  when  the  mixture  contains  one  10,000th 
part  of  methane,  it  will  have  exceeded  the  original  level  by  0'01  inch. 

To  test  the  apparatus  with  so  small  a  proportion  of  this  gas,  the 
author  introduces  0*61  cubic  inch  (10  cubic  centimetres)  of  methane  into 
a  flask  full  of  air  placed  over  water,  and  having  a  capacity  of  60  cubic 
inches  (990  cubic  centimetres),  thus  forming  a  10  per  cent,  mixture. 
From  the  latter  he  takes  the  same  quantity  of  0-61  cubic  inch  (10  cubic 
centimetres),  which  he  introduces  into  60  cubic  inches  (990  cubic  centi- 
metres) of  air,  when  each  cubic  centimetre  will  contain  0*01  per  cent, 
of  fire-damp,  which  is  the  mixture  he  introduces  into  the  vessel  O.  On 
rendering  the  platinum  wire  incandescent  for  20  seconds,  and  waiting 
until  the  cooling  takes  place,  the  observer  will  see  that,  after  ten  minutes, 
the  level  of  water  will  have  exceeded  the  original  level  by  0'01  inch,  so 
that  the  apparatus  really  does  give  indications  correct  to  within  0*01  per 
cent.  When  the  same  operation  is  repeated  with  hydrogen,  the  original 
level  will  also  be  exceeded,  but  to  a  slightly  less  extent ;  and,  indeed,  it 
is  well  known  that  one  volume  of  this  gas  causes  on  combustion  a 
contraction  of  1^  volumes  due  to  the  production  of  water-vapour,  which 
is  condensed,  while  methane  (fire-damp)  gives  a  contraction  of  2  volumes. 
When  operating  in  the  same  manner  with  carbon  monoxide,  such  small 
quantities  cannot  be  detected,  as  one  volume  of  this  gas  only  gives  a 
contraction  of  \  volume  when  the  carbonic  acid  is  not  absorbed. 
Therefore,  for  detecting  0"01  per  cent,  of  carbon  monoxide,  the  vessel  O 
must  have  a  volume  of  at  least  24  cubic  inches  (400  cubic  centimetres). 


332  DETERMINATION   OF   FIRE-DAMP. 

Graduation  of  the  Apparatus. — The  tube  may  be  graduated  directly 
into  cubic  centimetres,  and  each  cubic  centimetre  into  twenty  or  twenty- 
five  equal  parts  ;  and,  in  order  to  obtain  the  exact  volume  of  the  bell- 
glass  vessel  G,  it  is  sufficient,  when  this  is  full  of  water,  to  empty  the 
liquid  into  a  graduated  test-tube.  If  an  approximation  of  0*10  per  cent, 
be  considered  sufficient,  all  that  will  be  required  is  to  give  the  bell-glass 
a  capacity  of  2  "44  cubic  inches  (40  cubic  centimetres)  and  the 
graduated  tube  one  of  0-61  cubic  inch  (10  cubic  centimetres),  when 
each  cubic  centimetre  will  be  found  divided  into  ten  equal  parts.  In 
this  manner  as  much  as  9  per  cent,  of  fire-damp  may  be  burnt,  while 
for  a  larger  proportion  air  must  be  added  ;  but  in  any  case  it  will  be 
advisable  to  absorb  the  carbonic  acid. 

2.— The  Laboratory  Fire-Damp  Indicator. 

This  indicator  consists  of  a  measurer,  or  graduated  tube  J/,  the 
capacity  of  which  is  about  3  cubic  inches  (50  cubic  centimetres),  having  a 
larger  diameter  at  the  top  than  at  the  bottom,  and,  put  into  communica- 
tion by  its  lower  end  with  a  flask  that  can  be  raised  or  lowered,  and  at  the 
top  it  terminates  in  a  capillary  tube  in  the  form  of  a  letter  J,  fitted  near 
the  intersection  with  a  stopcock,  as  shown  in  Fig.  2.  Forming  a  con- 
tinuation to  the  right  is  a  horizontal  glass  tube  carrying  two  vertical 
tubes  put  in  communication,  the  first  with  a  bell-glass  containing  tubes 
and  resting  on  an  open-mouthed  glass  jar  A  filled  with  potash-solution  ; 
and  the  second  with  the  combustion  vessel,  or  small  widened  tube  B 
(another  view  of  which  is  shown  in  Fig.  3),  the  bottom  being  closed 
by  a  cork  having  three  holes.  Through  two  of  these  holes  pass  the 
brass  rods  which  support  the  coil  of  platinum  wire  ;  and  to  the  third 
is  fitted  the  stalk  of  the  second  bell-glass,  surrounded  by  an  open- 
mouthed  glass  jar  D,  containing  water.  A  wooden  stand,  carried  by 
a  shelf,  keeps  in  place  all  the  parts,  which  may  be  enclosed  in  a  small 
portable  box. 

Working  of  the  Apparatus. — When  the  measurer  M  is  put  into  com- 
munication with  a  bell-glass  O,  into  which  has  been  transferred  the  gas  to 
be  analysed,  by  turning  the  stopcocks  and  moving  the  adjustable  flask  the 
potash-solution  is  made  to  rise  to  the  level  of  the  cock  in  the  first  bell-glass, 
and  all  the  other  parts — burner,  horizontal  glass  tube,  and  graduated  tube — 
are  filled  with  water.  A  predetermined  volume  of  the  gas  to  be  analysed 
is  then  passed  into  the  measurer  M ;  and,  after  a  few  minutes,  the  observa- 
tion is  made,  which  is  effected  by  bringing  to  the  same  horizontal  plane 
the  level  of  the  water  in  the  flask  and  that  in  the  measurer  M.  The  gas  is 
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then  made  to  pass  into  the  bell-glass  in  the  potash  jar  A,  and  brought  back 
into  the  measurer,  when  the  difference  between  the  two  volumes  will  give 
the  carbon  dioxide  content.  The  gas  is  next  passed  over  the  platinum- 
wire  coil,  which  is  made  incandescent,  and  then  again  into  the  potash 
bell-glass,  when  a  second  diminution  of  volume  will  occur,  one-third  of 
which  will  give  the  methane  or  fire-damp  content  in  the  gas  to  be  an- 
alysed. In  order  to  drive  the  gas  out  of  the  capillary  tube,  the  end  of  the 
horizontal  tube  may  be  put  into  communication  with  a  glass  vessel  full 
of  water,  and  an  aspirating  effect  exerted,  the  water,  thus  drawn  in,  dis- 
placing the  gas.  If  it  be  required  to  obtain  the  oxygen  content  at  the 
same  time,  an  additional  bell-glass  and  jar  0  (Fig.  2)  must  be  employed 
containing  a  suitable  reagent — potassium  pyrogallate  or  ammoniacal 
chloride  of  copper — and  in  this  case  the  residue  will  be  nitrogen,  so 
that  a  complete  analysis  of  the  gas  may  be  obtained. 

The  author  has  also  arranged  the  apparatus  in  such  a  manner  that  a 
quantitative  analysis  may  be  made  of  lighting  gas,  or  that  from  Siemens 
furnaces;  and  in  the  former  case  a  bromine  bell-glass  and  jar  must  also 
be  added. 

The  graduation  may  be  made  as  desired.  The  widened  portion  of  the 
measurer  M  may  have  a  volume  of  2|  cubic  inches  (45  cubic  centimetres)  ; 
and  the  narrow  portion,  one  of  0*91  cubic  inch  (15  cubic  centimetres), 
each  cubic  centimetre  being  afterwards  subdivided  into  ten  equal  parts. 
In  order  to  ascertain  from  the  diminution  of  volume  the  amount  of 
methane  present,  it  will  be  observed  that  one  volume  of  this  gas  will  give 
rise  to  a  diminution  of  three  volumes — two  of  water  vapour,  which  is 
condensed,  and  one  of  carbonic  acid,  absorbed  by  the  potash-solution. 
One  subdivision  represents  0*2  per  cent,  of  the  total  volume ;  and,  if  the 
gaseous  mixture  contained  more  than  9  per  cent,  of  methane,  then  a 
known  volume  of  air  or  oxygen  must  be  added  in  order  to  burn  it. 

3.— Apparatus  for  Combustion  over  Mercury. 

In  order  to  meet  the  views  of  chemists,  who  consider  that  it  is  only 
over  mercury  that  strictly  correct  analyses  of  methane  can  be  made,  the 
author  has  devised  a  very  simple  method  which  permits  of  determining 
the  content  of  this  gas  in  a  given  volume  of  air;  and  the  apparatus  in 
question  has  this  great  advantage,  that  it  may  be  made  in  any  laboratory, 
provided  that  there  be  available  a  glass  tube,  platinum  wire,  a  mercury 
receptacle,  and  a  source  of  electricity. 

The  apparatus  consists  of  a  piece  of  glass  tube  about  8  inches  (2 
decimetres)  long  and  0-10  inch  (2  to  3  millimetres)  in  diameter — into 
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which  is  introduced  a  platinum  or  palladium  wire  about  0*008  inch  (0*2 
millimetre)  in  diameter,  and  projecting  nearly  2  inches  (from  4  to  5  centi- 
metres) beyond  each  end  of  the  glass  tube — the  whole  bent  into  the  form 
of  a  letter  U,  as  shown  at  B,  in  Fig.  4.  The  end  or  branch 
which  is  to  be  introduced  into  the  graduated  tube  A,  is  slightly  shorter 
than  the  other,  in  order  to  facilitate  manipulation.  At  its  exit  from  this 
end,  the  platinum  wire  is  formed  into  a  small  coil  or  spiral,  0*01 
inch  above  the  end  of  the  tube,  and  then  descends,  in  a  direction  parallel 
with  this  tube,  for  a  distance  of,  say,  1  inch  (2  to  3  centimetres),  and 
is  wound  round  the  glass,  its  other  end  being  free. 

Now  suppose  that  the  graduated  glass  tube  A,  of  1*6  cubic  inches 
(from  25  to  30  cubic  centimetres)  capacity,  has  each  centimetre  divided 
into  ten  equal  parts.  For  a  capacity  of  1^  cubic  inches  (25  cubic 
centimetres),  each  division  will  represent  0'4  per  cent,  of  the  whole 
volume.  It  is  easy  to  obtain  a  tube  fulfilling  these  conditions  by  giving 
it  such  a  diameter  that,  on  the  one  hand  the  small  branch  of  the  tube 
carrying  the  wire  may  be  introduced  into  it,  and  on  the  other  that  it  may 
be  almost  completely  immersed  in  the  mercury  receptacle.  When  the  gas 
to  be  analysed  is  transferred  to  this  tube,  its  volume  is  measured ;  and  it 
must  be  completely  submerged  in  the  mercury  by  pressing  upon  it  from 
above  with  a  cork,  thus  preventing  the  heat  of  the  hand  from  being  com- 
municated. After  being  submerged  for  two  or  three  minutes,  the  tube 
is  allowed  to  emerge,  and  the  mercury  is  brought  to  the  same  level  in  the 
tube  and  in  the  receptacle.  The  gas  must  be  saturated  with  water- 
vapour  both  before  and  after  the  operation. 

The  graduated  tube  A  must  now  be  fixed,  and  the  burner  B  intro- 
duced into  it,  it  being  first  filled  with  mercury,  so  as  to  prevent 
the  gas  issuing  from  the  graduated  tube  either  before  or  after 
the  wire  is  made  incandescent.  In  order  to  accomplish  this,  one  of  the 
poles  of  the  source  of  electricity  is  dipped  into  the  mercury  receptacle, 
while  the  other  is  inserted  in  the  branch  of  the  U  -burner  which  is  outside 
the  graduated  tube.  When  the  wire  has  remained  incandescent  for  two 
or  three  seconds,  the  burner  B  is  withdrawn,  and  the  graduated  tube  A  is 
again  immersed  in  the  mercury,  note  being  taken  of  the  diminution  in 
volume.  If  there  were  originally  25  cubic  inches,  and  only  24  remain, 
the  one  division  wanting  will  answer  to  0*4  per  cent,  of  methane  or 
fire-damp.  In  order  to  check  the  operation,  and  make  sure  that  all 
the  gas  is  burnt,  the  wire  may  again  be  made  incandescent,  when  the 
volume  should  be  the  same. 

If  a  still  nearer  approximation  be  desired,  the  tube  A  should  be  longer 
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and  of  slighter  diameter,  in  which  case,  however,  uncertainty  as  to  the 
temperature  would  be  greater  ;  and  this  difficulty  does  not  arise  when 
conducting  the  operation  over  water.  If  it  be  desired  to  determine  the 
carbon  dioxide  content,  recourse  may  be  had  to  the  Bunsen  method  of 
drying  the  gas,  both  before  and  after  the  operation,  and  using  a  small 
quantity  of  potash  ;  but  this  method  is  rather  tedious. 

4.— Portable  Fire-damp  Indicator. 

Although  in  a  laboratory,  with  an  atmosphere  consisting  of  a  given 
mixture  of  air  and  fire-damp,  an  observer  gifted  with  good  sight  may 
obtain  indications  revealing  very  small  quantities  of  fire-damp,  he  will 
no  longer  find  himself  under  the  same  conditions  in  the  underground 
workings  of  a  mine,  where  carbon  dioxide  may  be  present,  and  also 
coal-dust,  likely  to  obscure  the  view  ;  and,  lastly,  the  shield  of  the  lamp 
prevents  any  observation  from  being  made  above  a  certain  height.  It 
is  seldom  that  two  miners  agree  as  to  the  height  of  the  gas-cap  in  an 
observation  in  the  same  working-place.  The  apparatus  now  to  be 
described  permits,  however,  of  ascertaining  whether  fire-damp  be  present 
in  the  cavities,  while  it  gives  indications  from  £  per  cent,  and  upwards. 

This  fire-damp  indicator  consists  mainly  of  a  glass-vessel  A,  having 
a  capacity  of  about  1%  cubic  inches  (from  20  to  25  cubic  centimetres), 
terminating  in  a  graduated  tube  of  small  diameter,  which  is  inserted,  to 
about  the  middle  of  its  length,  in  an  indiarubber  plug  or  stopper, 
closing  a  flask,  B,  of  the  same  substance,  having  a  capacity  of  about  3£ 
cubic  inches  (from  50  to  60  cubic  centimetres)  as  shown  in  Fig.  5.  The 
top  of  the  glass-vessel  A  is  also  closed  by  an  indiarubber  plug  or  cover 
having,  three  holes,  into  two  of  which  are  inserted  metal  rods  that  reach 
to  nearly  the  crown  of  the  bell,  and  hold  between  them  a  coil  of  platinum 
wire  C,  the  length  and  diameter  of  which  are  such  that  it  may  be  rendered 
incandescent  by  a  battery.  In  the  third  hole  is  inserted  a  small  tube  D, 
with  stopcock,  which  rises  above  the  cover,  for  taking  samples  of  the 
air  from  the  roofs  of  headings  or  any  point  of  a  working  place.  All  the 
tubes  outside  the  indiarubber  flask  are  surrounded  by  a  brass  casing  E 
provided  with  windows  for  permitting  observations  to  be  made  of  the 
graduated  glass  A,  and  the  platinum  wire  C  when  made  incandescent. 

When  an  observation  is  taken,  the  apparatus  must  contain  water  up  to 
one  of  the  divisions  of  the  graduated  tube.  By  opening  the  stopcock, 
and  compressing  the  indiarubber  flask,  the  observer  drives  off  the  air ; 
and,  when  it  reaches  the  top  of  the  tube,  the  stopcock  must  be  closed. 
The  end  of  the  tube  is  then  held  at  the  point  where  it  may  be  desired 
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to  secure  a  sample  of  gas,  care  being  taken  to  hold  it  by  the  metal 
case,  and  not  by  the  indiarubber  flask,  which  would  expand  owing  to 
the  heat  of  the  hand.  The  stopcock  must  be  opened  so  as  to  allow  air  to 
enter,  and  must  then  be  closed,  when  a  volume  of  air  will  be  imprisoned. 
After  waiting  a  minute  or  two,  until  the  level  be  constant,  the  observer 
marks  it  with  the  index  and  then  makes  contact  between  the  platinum 
wire  and  the  battery.  The  wire  must  remain  incandescent  for  seven  or 
eight  seconds,  when  contact  must  be  interrupted  and  the  cooling  down 
waited  for,  which  may  last  seven  or  eight  minutes.  If  only  J  per  cent, 
of  fire-damp  be  present,  the  gas  will  return  to  the  level  of  the  index 
after  three  or  four  minutes,  afterwards  exceeding  it  ;  if  there  be  £  per 
cent,  the  observer  must  wait  from  six  to  seven  minutes  ;  and,  lastly,  if 
there  be  no  fire-damp  whatever,  the  gas  will  only  return  to  the  mark  after 
about  eight  minutes. 

The  author  has  used  with  success  small  pocket-accumulators  enclosed 
in  a  box,  made  by  Mr.  Trouve,  of  Paris  ;  but  several  must  be  kept  in 
reserve  to  provide  for  the  event  of  one  failing.  He  has  also  used  Tudor 
accumulators,  which,  however,  are  heavier  and  more  bulky.  Lastly, 
magneto-electric  machines  may  be  used  ;  but,  as  they  are  rarely  portable, 
one  must  be  placed  underground  near  the  working-places  and  shifted  for 
each  observation. 

It  should  be  noted  that,  when  the  platinum  wire  is  made  incandescent, 
the  gas  will  first  expand  ;  and  care  must  be  taken  that  it  does  not  escape 
from  the  graduated  tube,  in  which  case  the  level  would  rise  above  the 
index,  thus  indicating  the  presence  of  fire-damp  when  not  actually  existing. 
An  observation  made  with  atmospheric  air  alone  will  show  whether  the 
apparatus  is  in  working  order.  Moreover,  a  little  practice  is  sufficient 
to  make  the  observer  familiar  with  the  apparatus  and  the  source  of 
electricity  employed  ;  and  as  many  as  twenty  observations  may  be  made 
during  an  inspection.  By  way  of  check,  observations  may  be  made, 
correct  to  within  0*10  per  cent.,  by  emptying  flasks  full  of  water  (so 
as  to  allow  the  gas  to  enter)  in  the  various  working-places,  and  analysing 
the  samples  thus  taken  in  the  laboratory,  where  the  operations  can  be 
conducted  with  greater  precision. 


Prof.  F.  Clowes  (Nottingham)  stated  that  he  fully  appreciated  the 
ingenuity  of  the  apparatus  described  by  Mr.  Coquillion,  and  further 
acknowledged  that  the  scientific  principles  on  which  the  estimation 
depended  were  sound  and  satisfactory.       He  considered  the  apparatus 
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suitable  for  giving  accurate  and  delicate  measurements  of  fire-damp 
in  air,  if  it  could  be  used  in  the  laboratory  and  the  necessary  time 
could  be  given  for  carrying  out  the  processes.  But  he  had  always 
maintained  that  Mr.  Coquil  lion's  method  was  unsuitable  for  use  in  the 
mine.  It  was  not  sufficiently  rapid  in  yielding  its  results  ;  and  it  was 
decidedly  less  convenient  in  practice  in  every  way  than  the  best  forms  of 
flame-cap  methods.  The  objections  raised  by  Mr.  Coquillion  against  the 
use  of  the  flame-cap  test  did  not  apply  to  that  test  when  the  hydrogen 
flame  was  employed  for  the  purpose  instead  of  the  oil  or  alcohol  flame. 
The  indications  were  furnished  by  the  hydrogen  flame-test  with  ease, 
rapidity,  and  certainty,  and  could  be  carried  out  by  anyone  without 
difficulty.  There  seemed  to  be  no  doubt  in  the  minds  of  those  who  had 
to  make  tests  for  fire-damp  underground  that  the  flame-cap  method  was 
on  all  grounds  to  be  preferred,  and  he  must  say  that  he  fully  concurred 
in  this  opinion. 

Mr.  G.  E.  J.  McMurtrie  (Cinderford)  wrote  that  he  considered  that 
at  the  present  time  no  instrument  for  detecting  small  percentages  of  gas 
could  equal  the  Clowes  hydrogen  oil-lamp  for  portability  and  compact- 
ness, as  with  the  Pieler  alcohol  lamp  it  was  necessary  to  carry  an  oil- 
lamp  for  lighting  purposes,  wbile  the  Clowes  lamp  served  both  purposes, 
and  gave  more  accurate  results.  The  Coquillion  portable  apparatus, 
though  compact  and  light,  when  compared  with  his  laboratory  and 
return-air  apparatus,  yet  was  an  addition  to  the  ordinary  oil-lamp. 
The  same  objection  applied  to  the  Liveing  gas-detector,  which  detected 
similar  small  percentages  of  gas.  It  appeared  to  him  (Mr.  McMurtrie) 
that  the  constant  changes  that  took  place  in  the  composition  of  the  air 
in  a  mine  precluded  any  advantages  resulting  from  laboratory  tests  of 
the  air  of  the  mine,  either  by  the  Coquillion  or  the  Shaw  gas-detector,  as 
long  before  the  laboratory  test  had  been  made  a  different  state  of  affairs 
had  arisen  in  the  mine.  Moreover,  such  tests  must  be  carried  out  by 
additional  officials,  and  so  add  to  the  cost  of  mining,  while  producing, 
in  his  opinion,  no  good  results.  Tests  of  return  air-currents  certainly 
were  required,  though  elaborate  and  additional  apparatus  was  if  possible 
to  be  avoided,  and  the  Clowes  lamp  appeared  to  be  the  best  apparatus  for 
this  purpose  at  the  present  time.  It  was  much  to  be  regretted  that  the 
presence  of  coal-dust  affected  the  accuracy  and  working  of  both  the  Pieler 
alcohol  and  the  Clowes  hydrogen  lamp,  as  it  was  in  dry  and  dusty  mines 
that  the  presence  of  small  percentages  of  gas  required  especially  to  be 
detected. 
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Mr.  J.  Coquillion  wrote,  in  reply  to  the  remarks  made  by  Prof. 
Clowes,  that  not  knowing  the  lamp  which  he  had  designed,  he  was  unable 
to  criticize  it,  and  he  only  wished  to  point  out  that  lamps,  the  upper 
portions  of  which  were  protected  by  a  shield,  did  not  allow  of  the  upper 
portion  of  the  lamp  being  observed  to  see  if  any  fire-damp  was  present. 
Moreover,  he  had  often  noticed  that  observers  differed,  some  seeing  a 
flame-cap  where  others  could  not  see  one,  whereas  his  apparatus  showed 
a  definite  diminution  in  volume,  if  the  atmosphere  contained  gas.  The 
objection  might  be  raised  against  his  system  that  in  it  electricity  is 
necessarily  employed.  This  is  no  difficulty  in  laboratories  or  works :  but 
it  may  be  objectionable  in  the  mine,  where  accumulators  must  be 
used,  or  a  magneto-electric  machine  might  be  set  up  near  the  shaft- 
bottom. 

A  vote  of  thanks  was  accorded  to  Mr.  Coquillion  for  his  paper. 


The  following  paper  by  Prof.  F.  Clowes  on  "The  Detection  and 
Estimation  of  Carbon  Monoxide  in  the  Air  by  the  Flame-cap  Test "  was 
taken  as  read  : — 
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THE   DETECTION   AND   ESTIMATION   OF  CARBON   MON- 
OXIDE IN  THE  AIR  BY  THE  FLAME-CAP  TEST. 


By  Prof.  FRANK  CLOWES,  D.Sc. 


Experiments  have  recently  been  carried  out  by  Dr.  Haldane  which 
prove,  or  rather  confirm,  the  extremely  poisonous  nature  of  carbon  mon- 
oxide when  it  is  breathed  in  the  air.  He  has  shown  that  as  small  a  pro- 
portion as  0-20  per  cent,  of  this  gas  in  the  air  is  sufficient  to  produce 
symptoms  of  poisoning,  and  even  under  suitable  conditions  to  produce 
serious  results.  And  he  has  further  fully  established  that  this  gas  is 
frequently,  if  not  usually,  the  main  cause  of  death  in  colliery  explosions 
and  in  coal  or  gob-fires.  The  importance  of  detecting  the  presence  of  the 
gas  in  the  air  of  the  coal-mine  is  therefore  evident.  Dr.  Haldane  gives  at 
least  one  practical  means  of  preventing  the  explorer  from  remaining  too 
long  in  an  atmosphere  which  has  been  rendered  poisonous  by  carbon 
monoxide.  He  has  shown  that  a  mouse  is  rendered  helpless  by  breathing 
such  an  atmosphere  in  one-twentieth  of  the  time  required  for  a  man  to 
assume  the  same  condition.  Accordingly  if  a  mouse,  carried  in  a  wire 
cage,  becomes  helpless,  it  gives  warning  and  ample  time  for  a  man  who 
carries  the  mouse  to  beat  a  retreat  before  he  is  paralysed  by  this  gas. 

Dr.  Haldane  has  further  given  a  scientific  test  by  means  of  diluted 
blood,  which  not  only  indicates  but  also  measures  carbon  monoxide  in  the 
air.  This  test  has  been  of  the  greatest  value  in  the  hands  of  its  discoverer 
in  investigating  the  conditions  of  danger  arising  from  carbon  monoxide, 
and  in  indicating  the  cases  where  death  or  danger  have  resulted  from 
carbon  monoxide  in  the  coal-mine.  For  the  purposes  just  mentioned  the 
blood-test  has  been,  and  will  continue  to  be,  of  the  greatest  value.  In 
fact  it  is  at  present  the  only  method  available  for  furnishing  the  necessary 
information  as  to  the  cause  of  death,  when  poisoning  by  carbon  monoxide 
is  suspected.  This  method,  however,  is  unfortunately  not  applicable  in 
the  workings  of  the  mine,  since  it  requires  daylight  in  order  to  yield  its 
indications,  and  it  also  does  not  furnish  its  indications  with  sufficient 
rapidity  for  ordinary  practical  purposes. 

In  a  former  paper,  on  the  application  of  the  hydrogen  flame-cap  test  to 
the  detection  of  inflammable  gases  in  the  air,  the  writer  mentioned  that 
carbon  monoxide  gave  a  distinct  flame-cap  over  the  hydrogen-flame  ; 
and  those  who  are  more  especially  interested  in  the  rapid  detection  of 
carbon  monoxide  in  the  air  have  accordingly  asked  whether  this  test  will 
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not  furnish  a  ready  and  rapid  means  of  detecting  carbon  monoxide.  In 
reply  to  such  enquiries,  it  may  be  stated  that  the  hydrogen  test  is 
sufficiently  delicate  to  ensure  warning  against  danger.  The  lower  limit 
at  which  carbon  monoxide  begins  to  be  dangerous  (about  0' 20  per  cent.) 
is  a  quantity  which  produces  over  the  standard  0'40  inch  hydrogen-flame 
a  cap  0  50  inch  in  height  and  distinctly  visible.  Such  a  cap  would  be 
easily  seen  in  the  hydrogen  safety-lamp.  There  is  this  difficulty,  however, 
connected  with  the  test.  Such  a  cap  may  be  produced  by  the  presence  of 
any  other  inflammable  gas,  as  well  as  by  carbon  monoxide.  Accordingly 
the  appearance  of  the  cap  may  act  as  a  warning,  but  it  is  no  proof  of 
danger,  unless  carbon  monoxide  is  the  only  inflammable  gas  which  may  be 
present.  The  height  of  the  cap  increases  regularly  with  increase  in  the 
percentage  of  carbon  monoxide  in  the  air,  and  hence  the  cap  is  not  only 
an  indication,  but  a  measure  of  the  carbon  monoxide  under  the  con- 
ditions just  stated. 

A  modified  form  of  apparatus  for  applying  the  hydrogen-flame  test 
has  recently  been  brought  into  use.  It  is  specially  intended  for  testing 
the  air  present  in  inaccessible  or  dangerous  places,  or  in  places  where 
the  air  may  be  poisonous.  It  has  been  more  especially  used  for  testing 
the  air  in  electric  street  culverts,  sewers,  and  in  certain  parts  of  gas- 
works. It  is  specially  suitable  for  testing  air  which  may  be  poisonous, 
since  it  does  not  require  the  operator  to  enter  the  atmosphere  to  be 
tested.  The  air  is  drawn  away  by  a  simple  pumping  arrangement,  and 
is  then  made  to  pass  over  the  hydrogen-flame,  under  conditions  suitable 
for  observing  and  measuring,  if  necessary,  any  flame-cap  which  may  be 
formed.  The  apparatus,  if  it  were  deemed  useful  for  similar  purposes 
within  the  coal-mine,  might  easily  be.  rendered  safe  by  means  of  an 
upper  wire-gauze.  In  its  usual  form  it  is  only  protected  from  firing 
backwards  to  the  air-supply  by  means  of  a  lower  gauze. 

The  apparatus  is  shown  in  Fig.  1.  It  is  mounted  upon  an  ordinary 
portable  camera-stand,  which  raises  it  to  a  height  level  with  the 
eye  and  suitable  for  observation.  The  hydrogen-flame,  fed  from  the 
little  cylinder  A,  burns  within  the  brass  cylinder  BD,  which  is  furnished 
with  a  transparent  talc  or  mica  front  through  which  the  flame-caps  can 
be  observed.  The  hydrogen  flame  is  regulated  to  standard  height  by 
bringing  its  tip  level  with  the  bottom  D  of  the  window :  this  is  effected  by 
means  of  the  valve  H.  The  air  to  be  tested  is  pumped  through  the  rubber 
tube  K  by  squeezing  the  valved  rubber-ball  /,  and  the  pressure  of  the  air 
is  rendered  uniform  by  passage  through  the  flexible  rubber  reservoir  J, 
from  which  the  air-stream  passes  through  several  discs  of  wire-gauze  into 
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the  foot  of  the  cylinder  BD.  It  is  thus  possible  to  pump  a  regular  supply 
of  the  air  which  is  to  be  tested  over  the  hydrogen-flame.  If  any  cap  is 
seen,  the  air  is  pumped  continuously  over  the  flame  until  the  cap  remains 
constant  in  height.  The  level  of  the  top  of  the  cap  is  then  registered  by 
drawing  down  the  bent  wire  F  until  its  horizontal  part  just  touches  the 
top  of  the  cap.  The  height  thus  registered  can  be  read  off  on  a  scale 
graduated  to  O'l  inch  on  the  metal  at  the  edge  of  the  window.  The  range 
of  indications  is  increased  by  making  arrangement  for  the  use  of  a 
standard  hydrogen  flame  either  0-40  or  0*20  inch  in  height,  as  may  be 
necessary  in  order  to  bring 
the  cap  within  the  limits 
of  the  scale  and  of  the 
cylinder. 

If  the  apparatus  be 
used  in  a  dark  room  or 
space,  the  observations  are 
made  in  the  open ;  if  the 
observations  must  be  made 
in  an  illuminated  space,  a 
camera  cloth  is  thrown 
over  the  head  of  the  ob- 
server and  the  cylinder  BD, 
so  as  to  enable  the  caj3S  to 
be  seen  and  measured. 
The  small  pocket  hydro- 
gen supply  is  shown  in 
use  in  the  figure  ;  this  may 
be  replaced  by  a  larger  supply  if  there  is  no  object  in  keeping  the  weight  of 
the  apparatus  within  small  limits.  It  need  hardly  be  added  that  these 
steel  cylinders  containing  compressed  gas  are  supplied  under  regulations 
which  absolutely  ensure  their  freedom  from  danger. 


A  vote  of  thanks  was  accorded  to  Prof.  Clowes  for  his  interesting 
paper. 


Mr.   W.  Galloway  read   the  following  paper  on  "  Appliances  for 
Winding  Water  " : — 
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APPLIANCES  FOE  WINDING  WATER. 


By  W.  GALLOWAY. 


Circumstances  occasionally  arise  during  the  existence  of  a  mine  in 
which  it  is  expedient  to  raise  a  part  or  the  whole  of  the  water  by 
winding  it  to  the  surface  up  a  vertical  shaft,  and  the  object  of  the 
present  paper  is  to  show  how  this  arrangement  has  been  effected  in  one 
instance  that  occurred  within  the  experience  of  the  writer,  and  how  it 
may  be  done  in  others.  Some  of  the  circumstances  referred  to  may  be 
shortly  enumerated  as  follows  : — 

(a)  A  shaft  is  in  course  of  being  sunk,  and  it  is  intended  either  to 
keep  back  the  water  by  means  of  coffering  or  tubbing,  or  to  establish 
one  or  more  permanent  pumping-engines  in  chambers  to  be  excavated  at 
some  point  or  points  deeper  than  that  at  which  the  water  is  first 
encountered. 

(b)  An  unexpected  influx  of  water  takes  place  in  the  workings  of  a 
mine  which  threatens  to  drown  them  before  a  pump  of  sufficient  power 
to  cope  with  it  can  be  obtained  or  erected. 

(c)  It  is  known  beforehand  that  the  influx  of  water  will  only  be  of  a 
temporary  character,  as,  for  instance,  when  old  workings  are  tapped  with 
the  object  of  draining  them  ;  and  that  the  cost  of  purchasing  and 
establishing  a  pump  sufficiently  large  to  deal  with  it  would  exceed  the 
cost  of  winding  it. 

(d)  An  old  mine  containing  an  accumulation  of  water  is  to  be 
drained  ;  and  lastly, 

(e)  A  small  feeder  existing  at  the  bottom  of  a  deep  shaft  produces  so 
little  water  that  it  can  be  raised  in  a  tank  in  the  cage  without  interfering 
with  the  ordinary  operations  of  winding. 

It  is  assumed  that  in  all  these  cases  the  mine  already  possesses  a 
winding-engine  suitable  for  the  purpose  ;  and  that,  in  the  first  case  (a), 
either  the  permanent  winding-engine  can  be  employed  exclusively  in  this 
service  while  some  other  temporary  engine  is  employed  in  raising  the 
rubbish,  or  vice  versa,  according  to  the  relative  importance  of  the  two 
services. 
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In  two  former  papers  contributed  by  the  writer  to  the  South  Wales 
Institute  of  Engineers,*  he  described  the  various  appliances  for  winding 
water  which  he  had  adopted  in  sinking  No.  1  pit  of  Llanbradach  colliery. 
That  pit  t  was  sunk  to  a  depth  of  1,716  feet  before  the  No.  2  pit  was 
commenced.  The  present  paper  will  be  devoted  partly  to  a  description 
of  the  appliances  for  raising  water  used  in  connexion  with  the  sinking 
of  No.  2  pit,  and  partly  to  that  of  a  modification  of  the  system  of  winding 
water  from  a  cistern  resting  on  a  beam  at  one  side  of  the  shaft,  which 
the  writer  employed  in  the  No.  1  pit  in  conjunction  with  the  method  of 
lengthening  guide-ropes  patented  by  him  in  1876. 

The  ground  passed  through  in  sinking  No.  1  pit  consisted  for  the 
most  part  of  very  hard,  fissured,  water-bearing  sandstone  down  to  a  depth 
of  600  feet  from  the  surface.  It  was  therefore  anticipated  that  a  con- 
siderable quantity  of  water  would  be  met  with  during  this  part  of  the 
sinking  of  No.  2  pit,  and  preparations  were  made  for  dealing  with  it  by 
driving  a  heading  from  No.  1  pit  to  a  point  vertically  below  the  site  of 
No.  2  pit,  at  a  depth  of  600  feet,  and  boring  a  hole  (6  inches  in  diameter) 
by  means  of  a  diamond  drill  from  the  bottom  of  No.  2  pit  when  it  was 
150  feet  deep,  down  into  the  heading. 

The  water  accruing  from  No.  2  pit  then  passed  down  through  the 
bore-hole,  flowed  along  the  heading,  and  into  the  circular  lodgment 
which  surrounds  the  walling  of  No.  1  pit,  and  was  thence  drawn  off 
as  desired  by  opening  a  stopcock  in  a  pipe  which  led  from  the  lodgment 
to  the  well  of  a  Worthington  pumping-engine  placed  in  a  chamber  at  the 
side  of  the  shaft,  42  feet  lower  down. 

The  dimensions  of  the  shafts  and  some  particulars  of  the  appliances 
then  existing  are  as  follows  : — 

No.  1  pit  is  17  feet  in  diameter  ;  No.  2  pit,  20  feet ;  the  distance 
between  their  centres  is  165  feet ;  the  "Worthington  pumping-engine 
had  a  surplus  capacity  of  about  400  gallons  per  minute  for  dealing 
with  water  from  No.  2  pit  (this  engine  had  replaced  another  smaller  one, 
which  was  described  in  one  of  the  former  papers)  ;  the  winding-engine 
of  No.  1  pit  could  raise  about  300  gallons  per  minute  from  a  depth  of 
800  or  900  feet  by  means  of  a  cylindrical  water-barrel  with  a  capacity 
of  600  gallons  ;  the  construction  of  the  temporary  head-gear  of  No.  1  pit 
was  such  as  to  admit  of  the  employment  of  only  one  winding-rope  and 
one  bucket,  which  worked  in  the  centre  of  the  shaft ;  and  lastly,  two  wire 
ropes  which  had  served  the  double  purpose  of  manipulating  the  walling- 

*  Proceedings,  1888-89,  vol.  xvi.,  pages  107  and  2C8. 
•j-  Trans.  Fed.  Inst.,  vol.  xii.,  page  294. 


344  APPLIANCES  FOR  WINDING  WATER. 

stage  and  acting  as  guide-ropes  to  the  sinking  buckets  and  water-barrels 
while  sinking  was  going  on,  according  to  the  writer's  system,  remained 
suspended  in  the  shaft  with  the  walling-stage  still  hanging  at  their  ends 
near  the  bottom,  and  served  as  guides  to  the  cylindrical  water-barrel. 
At  the  surface,  they  passed  over  pulleys  at  the  top  of  the  head-gear, 
and  extended  thence  to  the  two  drums  of  a  steam-crab  situated  behind 
the  winding-engine,  upon  which  the  spare  part  of  each  of  the  ropes  was 
respectively  wound. 

No  difficulty  had  been  experienced  in  dealing  with-  the  water  met 
with  in  No.  2  pit  down  to  a  depth  of  400  or  450  feet.  Between  the 
depths  of  210  and  390  feet,  feeders  of  water  producing  13,000  gallons 
per  hour  had  been  passed,  and  were  successfully  walled  out  with  brick 
and  cement.  But  when  the  shaft  reached  a  depth  of  400  to  450  feet,  an 
open  fissure  was  encountered  which  produced  water  in  such  abundance 
that  it  became  necessary  to  allow  No.  1  pit  to  fill  up  nearly  to  the  level 
of  the  Worthington  pumping-engine  at  642  feet,  and  to  bring  the  water- 
barrel  to  the  rescue  of  the  pump.  In  the  meantime,  the  600  gallons 
barrel  had  been  replaced  by  another  with  a  capacity  of  800  gallons.  The 
fissure,  from  which  the  greater  part  of  the  water  was  coming,  followed  the 
shaft  almost  vertically  downwards,  widened  somewhat  in  descending, 
and  poured  out  a  continuous  stream,  which  increased  with  every  round 
of  shot-holes.  "When  the  depth  of  558  feet  was  reached,  the  quantity  of 
water  flowing  into  No.  1  pit  amounted  to  about  55,000  gallons  per  hour, 
and  the  pump  and  water-barrel  were  both  taxed  to  their  utmost  limits. 
At  this  juncture,  the  pump  was  unfortunately  stopped  for  a  short  time  to 
effect  some  slight  repair,  without  the  precaution  having  been  taken  of 
plugging  the  bore-hole,  and  the  water  immediately  rose  and  drowned 
it.  Water-winding  was  continued  for  a  few  days  with  No.  1  pit 
winding»engine  and  with  the  two  small  sinking-engines  at  No.  2  pit, 
which  together  raised  about  45,000  gallons  per  hour  ;  but  it  was  evident 
that  the  water  could  not  by  these  means  be  reduced  below  the  level  of 
the  pump,  and  it  was  therefore  resolved  on  November  19th,  1891,  to 
suspend  operations,  to  erect  the  permanent  head-gear  on  No.  1  pit,  and 
to  provide  appliances  for  winding  the  water  from  that  pit  of  sufficient 
capacity  to  deal  with  it.  The  head-gear  was  not  finished  until  the 
beginning  of  April,  1892. 

In  the  meantime,  two  water-tanks  (Figs.  1  to  10,  Plate  II.),  specially 
designed  by  the  writer,  and  intended  to  work  between  two  wire  rope- 
guides  were  constructed,  and  the  conditions  which  they  were  required  to 
fulfil  were  as  follows  : — 
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(1)  To  have  a  capacity  of  1,000  gallons  each. 

(2)  To  fill  and  empty  without  having  any  tendency  to  push  the 

guide-ropes  out  of  their  normal  position. 

(3)  To  fill  and  empty  in  the  shortest  possible  time. 

(4)  To  be  emptied  automatically. 

(5)  To  deliver  the  water  as  nearly  horizontally  as  possible,  and 

with  such  velocity  as  to  carry  it  clear  of  the  opening  through 
which  the  bucket  was  drawn  on  reaching  the  surface. 

The  second  requirement  was  attained  by  having  openings  for  the 
ingress  and  egress  of  the  water  at  opposite  sides  and  of  equal  area  ;  the 
third,  by  using  very  large  valves  ;  the  fourth,  by  the  arrangement  of 
levers,  rods,  and  weights  shown  in  Figs.  1  to  10  (Plate  II.);  and  the 
fifth,  by  placing  a  second  bottom  below  that  upon  which  the  valves 
rested,  with  its  floor  sloping  equally  from  a  central  ridge  towards  the 
opposite  outlets.  In  order  to  oppose  the  greatest  resistance  to  any 
tendency  which  the  tanks  might  have  to  turn  round  out  of  the  plane  in 
which  they  were  intended  to  work,  the  guides  were  put  at  their  ends, 
and  hence  each  outlet  was  divided  into  two  equal  parts  by  a  central  rib 
on  which  the  guide-shoe  a,  was  fixed. 

The  sinking-guides  which  remained  in  the  shaft  with  the  walling- 
stage  suspended  at  their  lower  ends*  were  originally  situated  symmetrically 
on  each  side  of  the  centre  of  the  shaft  in  a  plane  which  passed  through 
the  winding-ropes,  but  were  now  drawn  forward,  that  is  away  from  the 
winding-engine  by  a  distance  equal  to  one-half  of  the  length  between  the 
guide-shoes  on  the  tanks,  and  were  fixed  in  this  position  by  means  of 
glands  on  the  platform  near  the  top  of  the  head-gear  (Figs.  11  and  12, 
Plate  II).  Two  additional  guide-ropes  similarly  situated  on  the  opposite 
sides  of  the  winding-ropes,  that  is  to  say,  nearer  to  the  winding-engine, 
were  lowered  to  a  depth  of  about  800  feet  below  the  surface,  and  fixed  in 
the  same  way  as  the  two  first-named.  For  the  purpose  of  keeping  the  ropes 
taut,  a  frame,  30  feet  long,  made  out  of  parts  of  the  temporary  head-gear, 
having  a  box  containing  5  or  6  tons  of  old  iron  at  the  bottom  and  arms 
standing  out  at  right-angles  at  the  top,  and  provided  with  guide-shoes 
which  embraced  and  held  the  first  guide-ropes  at  the  proper  distance  apart 
from  them,  was  suspended  at  their  lower  ends. 

The  winding-ropes  (locked-coil)  were  taken  of  such  length  to  begin 
with,  that  when  one  of  the  tanks  was  being  emptied  at  the  surface  the 
other  was  from  30  to  45  feet  under  the  surface  of  the  water.     The  two 

*  Proceedings  of  the  South    Wales  Institute  of  Engineers,  1888-89,  vol.  xvi., 
page  107. 


346  APPLIANCES  FOR  WINDING  WATER. 

tanks,  with  15  tons  safety-hooks  intervening,  were  suspended  to  the 
winding-ropes,  the  levers  for  emptying  them  automatically  were  put  into 
their  places  and  the  winding  of  water  was  begun  and  carried  on  continu- 
ously. When  the  surface  of  the  water  sank  so  that  the  tank  dipping  into 
it  was  only  partially  filled,  a  lap  of  rope  was  taken  off  the  drum  of  the 
winding-engine  (14  feet  in  diameter),  which  caused  the  tanks  to  descend 
into  the.  water  to  a  depth  of  about  42  feet  at  first.  On  one  occasion,  two 
laps  of  rope  were  taken  off  with  the  object  of  saving  time,  but  it  was 
found  that  the  necessarily  slower  rate  of  winding  under  water,  absorbed 
in  the  aggregate  more  time  than  was  required  to  take  off  the  lap  of  rope, 
and  thereafter  the  ropes  were  lengthened  by  only  42  feet  at  a  time. 

During  the  suspension  of  operations,  the  water  had  risen  in  both  shafts 
to  within  120  or  130  feet  of  the  surface,  namely,  to  its  natural  level  in 
the  ground.  As  a  consequence,  the  fissures  in  the  rock  which  had  been 
drained  by  degrees  while  the  shafts  were  in  process  of  being  sunk  had 
become  filled  once  more  and  required  to  be  drained  a  second  time. 

On  April  14th,  1892,  the  two  small  sinking-engines  of  No.  2  pit 
began  to  wind  water  with  two  cylindrical  water-barrels,  both  of  which 
were  emptied  automatically  at  the  top  of  the  pit,  and  delivered  their 
water  nearly  horizontally  in  the  same  way  as  the  tanks  in  No.  1  pit. 
On  April  19th,  1892,  the  winding  of  water  was  commenced  in  No.  1  pit. 

The  surface  of  the  water  was  lowered  in  No.  1  pit  as  follows  : — 


1892,  April  18th 
,,     April  19th 
,,     April  23rd 
, ,     May    5th 
„     May  22nd 


Depth  to  the 

Surface  of 

the  Water. 

Feet. 

195 

207 
366 
588 
636 


The  minimum  quantity  of  water  raised  was  70,000  gallons  per  hour, 
and  the  maximum  110,000  gallons  per  hour.  The  minimum  quantity 
raised  by  the  two  tanks  in  No.  1  pit  was  60,000  gallons  per  hour  at  the 
commencement,  before  the  enginemen  had  become  familiar  with  the 
work,  and  this  gradually  increased  up  to  94,000  gallons,  or  94  tanks  per 
hour. 

The  quantity  of  small  coal  consumed  by  all  the  engines  amounted  to 
as  nearly  as  may  be  10  pounds  per  horse-power  of  actual  work  done  in 
raising  water  per  hour.  For  the  purpose  of  ascertaining  this  value,  the 
writer  caused  the  number  of  tanks  raised  at  each  pit  to  be  carefully 
counted  day  and  night  for  upwards  of  a  week,  the  distance  of  the  top  of 
the  water  below  the  surface  to  be  measured  at  regular  intervals  by  means 
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of  a  float,  and  the  weight  of  coal  supplied  to  the  boilers  during  the  same 
period  to  be  recorded. 

The  debris  from  the  last  shots  that  had  been  fired  in  No.  2  pit  before 
the  suspension  of  work  still  remained  in  the  bottom,  preventing  the 
water  from  flowing  freely  into  the  bore-hole,  and  thus  it  was  found  that 
after  the  water  in  No.  1  pit  had  been  lowered  to  the  level  of  the 
Worthington  pumping-engine,  there  still  remained  a  depth  of  15  or  20 
feet  of  water  in  No.  2  pit,  although  the  surface  of  the  water  in  No.  1  pit 
was  over  90  feet  lower.  It  took  several  days'  work  to  remove  the 
obstruction  by  operating  partly  in  the  shaft  from  above  downwards, 
and  partly  in  the  heading  from  below  upwards  through  the  bore-hole. 

The  pumping-engine  was  completely  overhauled  and  cleaned,  and 
started  to  pump  on  June  8th,  1892.  Just  before  it  started,  the  tanks 
in  No.  1  pit  were  easily  keeping  the  water  down  at  a  depth  of  70  or  90 
feet  below  the  pump-chamber,  while  raising  70,000  gallons  an  hour  from 
a  depth  of  720  feet,  or  say  251  effective  horse-power. 

Sinking  was  resumed  on  June  11th,  1892,  and  the  water  subsequently 
increased  to  75,000  gallons  an  hour,  and  remained  at  that  amount  until 
the  sinking  had  been  carried  down  below  the  level  of  the  heading  and 
the  coffering  had  been  built  and  plugged. 

Immediately  thereafter,  the  quantity  of  water  accruing  from  all 
sources  in  both  shafts  above  the  level  of  the  pump  fell  to  less  than  12,000 
gallons  per  hour,  but  within  a  few  days  it  again  rose  to  about  24,000 
gallons  per  hour  in  consequence  of  a  fracture  having  taken  place  in 
the  brickwork  near  the  bottom  of  the  coffering.  It  was  thought  inad- 
visable to  attempt  to  make  good  this  leak  lest  the  pressure  should  burst 
the  brickwork  somewhere  else. 

To  show  the  efficiency  of  the  coffering,  it  may  be  mentioned  that 
some  three  months  afterwards  one  of  the  plugs  blew  out,  late  on  a 
Sunday  night,  when  the  writer  happened  to  be  at  the  colliery.  The 
walling-stage,  which  was  worked  in  the  same  way  as  that  in  No.  1 
pit  already  referred  to,  was  quickly  brought  up  to  the  point.  A  baulk 
of  wood  6  inches  square  by  9  feet  long  was  reduced  to  rather  over  3 
inches  in  diameter  for  a  length  of  about  3^  feet,  the  last  foot  in  length 
being  drawn  out  to  a  sharp  point.  Two  holes  were  bored  in  the  square 
part  to  receive  bars  of  round  iron  about  4  feet  long  by  1%  inches  in 
diameter.  Six  of  the  sinkers  working  under  the  direction  of  the  foreman 
tried  in  vain  for  nearly  two  hours  to  cause  the  plug  to  enter  into  the  hole 
in  the  plug-box  against  the  force  of  the  issuing  water.  No.  2  pit,  which 
was  200  or  210  feet  deep  below  the  heading  which  connected  it  to  No.  1 
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pit  was  soon  filled,  and  the  water  commenced  to  flow  over  into  No.  1  pit. 
The  writer  then  directed  a  strong  fulcrum,  consisting  of  pieces  of  log,  to 
be  built  on  the  floor  of  the  walling  stage  and  strengthened  by  supports 
against  the  side  of  the  shaft  opposite  to  that  from  which  the  water  was 
issuing,  and  by  means  of  a  screw-jack  the  plug  was  gradually  forced 
iuto  the  hole  until  it  would  go  no  further.  The  remaining  part  of  the 
timber  was  sawn  off  close  to  the  plug-box,  and  two  long  iron  wedges 
were  driven  into  the  ping.  Estimating  the  cubical  contents  of  the  parts 
of  both  shafts  that  were  filled  with  water  during  the  four  hours  in  which 
the  hole  remained  open  the  writer  arrived  at  the  conclusion  that  about 
202,500  gallons  must  have  escaped,  or  at  the  rate  of  50,625  gallons  an 
nour — an  0f  which  came  through  a  hole  3  inches  in  diameter.  About 
eighteen  months  afterwards,  a  small  hole  was  bored  in  one  of  the  plug- 
boxes  and  a  pipe  with  a  pressure-gauge  attached  was  fitted  into  it, 
which  showed  the  pressure  to  be  160  pounds  per  square  inch,  at  a  height 
of  about  30  feet  above  the  bottom  of  the  coffering. 

The  appliances  employed  in  winding  the  water  from  No.  1  pit,  as 
well  as  some  of  their  details,  are  shown  in  Figs.  1  to  6  (Plate  II.). 
a,  a,  are  the  guide-shoes ;  b,  bottom  upon  which  the  valves  rest ;  c,  lower 
bottom  sloping  towards  the  outlet-openings  from  a  central  ridge ;  d, 
openings  in  the  upper  bottom ;  e,  e,  outlet-openings  from  the  space 
between  the  two  bottoms,  each  furnished  with  a  mouth-piece  ;  /,/,  the 
valves  ;  g,  g,  levers  for  automatically  opening  the  valves  ;  h,  h,  fulcrums 
for  levers  ;  Jc,  Jc,  blocks  of  wood  upon  which  the  levers  come  to  rest  when 
the  valves  are  opened  ;  I,  I,  rods  connecting  the  levers  to  the  valves ; 
m,  m,  and  v,  n,  angle-iron  stays.  In  Figs.  7,  8,  9,  and  10  (Plate  II.), 
which  are  on  a  larger  scale,  o,  o,  are  flat  faces  on  the  ends  of  the  levers  ; 
]),  a  distance-piece  between  the  two  halves  of  the  lever  ;  q,  pin  and 
distance-piece,  the  former  passing  through  the  fulcrum  and  the  two 
sides  of  the  lever,  the  latter  holding  the  two  sides  at  the  proper  distance 
apart ;  r,  forged  piece  forming  the  connexion  between  the  lever  and  the  rod 
f;  s,  forged  piece  connecting  the  rod  /  to  the  valve  ;  t,  upper  plate  ;  v, 
lower  plate ;  and  u,  sheet  of  indiarubber  between  the  two  ;  the  three 
together  constituting  the  valve. 

Figs.  11  and  12  (Plate  II.)  are  views  of  the  head-gear  showing  how  the 
water-tanks  were  emptied  automatically  on  two  opposite  sides  at  the 
surface,  a,  is  one  of  the  water-tanks  ;  b,  b,  baulks  of  timber  hinged  at 
their  ends  c,  c,  shod  with  a  sufficiently  broad  plate  of  iron  on  their 
under  sides  at  their  opposite  ends,  to  enable  them  to  embrace  both  sides 
of  the  levers  ;  and  having  weights  e,  e,  suspended  from  them  by  chains, 
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heavy  enough  to  open  the  valves  when  the  tank  was  raised  to  the  proper 
height  above  the  shoots  which  carried  away  the  water.  /,/,  are  the  shoots 
which  received  the  water  on  opposite  sides  and  conveyed  it  to  arched 
drains  under  the  surface-level.  •  The  positions  in  which  the  guide-ropes 
were  fixed,  and  the  glands  d,  d,  by  means  of  which  they  were  fixed  are 
shown  in  both  figures.  The  water  easily  leaped  across  the  space  between 
the  sides  of  the  tank  and  the  shoots,  which  was  of  sufficient  width  to 
give  good  clearance  to  the  projecting  ends  of  the  levers. 

The  tanks,  with  all  their  mountings,  weighed  about  3  tons  each,  and 
the  weight  of  water  carried  by  each  of  them  amounted  to  nearly  4|  tons. 
The  top  of  each  tank  was  covered  by  a  plate  with  a  rectangular  hole  in  it, 
just  large  enough  for  a  man  to  pass  through,  and  the  position  of  this  hole 
was  naturally  such  that  the  rods  which  connected  the  levers  to  the  valves 
passed  through  it.  When  the  tanks  arrived  at  the  surface  they  were  full 
to  the  very  brim  so  long  as  they  were  dipping  under  the  surface  of  the 
water  in  the  pit. 

The  necessary  labour  consisted  of  three  enginemen  working  continuously 
in  shifts  of  eight  hours  each.  In  addition  to  the  enginemen,  two  banks- 
men in  shifts  of  twelve  hours  each,  and  one  engine-cleaner  by  day  were 
employed.  The  principal  work  of  the  banksmen  consisted  in  counting 
the  number  of  tanks  drawn,  observing  when  the  ropes  required  to  be 
lengthened,  assisting  in  lengthening  them,  and  keeping  an  eye  upon  the 
operations  generally. 

It  has  been  mentioned  that  the  maximum  number  of  tanks  drawn  in 
No.  1  pit  was  94  per  hour.  Allowing  9  tanks  per  hour  for  contingencies, 
that  is,  taking  85  per  hour  as  an  average  for  24  hours,  the  quantity  and 
cost  per  ton  would  be  somewhat  as  follows,  when  the  depth  of  the  water 
from  the  surface  was  600  feet : — Quantity  of  water  raised  in  24  hours 
2,040,000  gallons  =  9,107  tons  ;  horse-power,  257  ;  coal  consumed  at 
10  lbs.  per  horse-power  per  hour,  27  tons  10  cwt.  ;  duty  of  1  cwt.  (112 
lbs.)  of  coal,  22,254,196  foot-pounds. 

Cost  per  Ton  of  Water  Raised  600  Feet. 

3  Enginemen  at  5s.  6d. 

2  Banksmen  at  4s.  2d. 

1  Engine -cleaner  at  3s.  6d. 

27 i  Tons  of  coal*  at  6s.  6d. 

Stores  and  light     ... 

Ropes  at  0  05d.  per  ton  raised 

Total 
Or  0-347d.  per  ton,  or  0-259d.  per  1,000,000  foot-pounds. 

*  Including  cost  of  stoking  and  boiler-management. 

29 


£     s. 
0  16 

<i. 
6 

0    8 

4 

0    3 

6 

8  18 

4 

1     0 

0 

1  17 

6 

£13    4 

~2 
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These  figures  are  given  as  a  fair  approximation,  with  the  object 
of  serving  as  a  basis  of  comparison  with  other  systems  of  raising 
water.  The  same  winding-rope  was  used  throughout  the  whole  period  of 
winding.  It  was  a  new  locked-coil  rope,  l£  inches  in  diameter,  weigh- 
ing 23  lbs.  per  fathom,  1,965  feet  long,  and  cost  £194  16s.  It  was 
coiled  on  the  drum,  and  the  two  ends  were  both  capped  and  brought  over 
the  pulleys.  At  the  end  of  the  operation,  it  looked  none  the  worse  for 
wear.  The  guide-ropes  were  practically  worn  out  before  the  operation 
commenced.  They  were  cheap  in  the  beginning,  had  served  in  sinking 
No.  1  pit,  and  one  of  them  had  been  damaged.  The  allowance  for  ropes 
is  therefore  liberal. 

It  will  be  remarked  that  the  duty  does  not  much  exceed  one-third  of 
that  of  a  fair  Cornish  puui ping-engine,  and  reached  only  to  about  one- 
fifth  of  that  of  a  very  high-class  pumping-engine  of  the  most  approved 
type,  and,  therefore,  one  would  not  be  justified  in-  resorting  to  this 
method  of  raising  water  for  a  prolonged  period  of  time.  It  had,  however, 
the  advantage  of  easy  application,  and  low  first  cost :  a  Cornish  engine 
and  pumps  to  do  the  same  work  would  have  cost  £5,000  or  £6,000, 
whereas  the  two  tanks  and  their  accessories  cost  only  £140.  The  whole 
of  the  appliances  can  be  removed  in  a  few  days  after  the  work  is  com- 
pleted, by  the  water  being  walled  back  or  an  economical  pumping-engine 
established  in  a  chamber  underground,  leaving  the  surface  unencumbered 
and  the  shaft  comparatively  free  for  coal-winding.  The  system  can, 
besides,  be  applied  within  a  few  weeks  after  the  emergency  arises,  if  the 
head-gear  is  already  provided  with  two  pulleys  ;  while,  on  the  other 
hand,  a  pumping-engine  of  the  same  capacity  would  require  the  greater 
part  of  a  year  before  it  could  be  got  ready  and  set  to  work. 

Exactly  the  same  arguments  apply  in  the  case  of  similar  contrivances 
employed  in  raising  water  from  the  bottom  of  a  shaft  in  course  of  being 
sunk,  with  the  additional  remark,  that  the  valves  of  the  tanks  are  simple, 
that  they  incur  very  little  wear,  that  they  are  not  affected  by  water 
containing  grit,  and  that  the  whole  of  the  appliances  can  be  raised  up 
the  shaft  as  near  to  the  surface  as  may  be  desired,  so  that  they  cannot  be 
drowned  under  any  circumstances  that  may  arise. 

The  writer  has  mentioned  that  in  sinking  No.  1  pit  he  employed  as 
part  of  the  apparatus  for  raising  water  a  tank  resting  on  a  beam  at  one 
side  of  the  shaft,  into  which  another  tank  running  between  wire-rope 
guides  was  dipped,  so  as  to  be  filled,  and  was  then  raised  to  the  surface 


APPLIANCES  FOR  WINDING  WATER.  351 

and  emptied  automatically.  The  beam  and  the  collecting-tank  were 
lowered  from  time  to  time  by  means  of  the  rope  of  the  winding-engine 
as  the  shaft  was  deepened.  The  writer  was  obliged  to  take  this  course, 
as  there  was  no  spare  engine  on  the  ground  wherewith  to  manipulate 
the  collecting-tank,  independently  of  the  winding-engine.  If  a  suitable 
engine  had  been  available,  he  would  have  suspended  the  collecting-tank 
from  ropes  and  have  lowered  it  by  degrees  instead  of  by  large  increments. 

Figs.  13, 14,  15,  and  16  (Plate  II.)  show  the  complete  arrangement  as 
contemplated.  The  guide-ropes  from  the  drums  of  a  screw  steam-crab 
pass  over  pulleys  on  the  top  of  the  head-gear,  descend  the  shaft  to  the 
collecting-tank,  pass  through  shoes  on  one  side,  then  under  pulleys 
provided  with  shields  fixed  to  the  framework  of  joists,  which  supports  the 
collecting-tank,  then  up  through  shoes  on  the  opposite  side,  and  thence 
to  the  top  of  the  head-gear,  where  their  ends  are  clamped.  The  writer 
provided  four  guide-ropes  arranged  in  a  similar  way  in  connexion  with 
the  walling-stage  of  No.  2  pit,  which  worked  from  the  time  the  shaft  was 
90  feet,  until  it  was  1,752  feet  deep.  Each  of  the  winding-tanks  is  pro- 
vided with  the  same  kind  of  valves,  rods,  levers,  and  lower  sloping 
bottom  as  those  which  have  been  described.  But  their  guide-shoes  are 
fixed  to  channel-iron  uprights,  which  project  above  the  top  so  as  to  admit 
of  the  winding-tanks  dipping  into  the  collecting-tank  while  the  shoes 
remain  above  the  level  of  its  upper  edge. 

Besides  the  water  which  accrues  above  its  level,  the  collecting-tank 
can  also  receive  the  water  from  the  bottom  of  the  shaft  raised  up  to  it 
by  means  of  centrifugal  or  other  pumps  actuated  by  steam,  compressed 
air,  an  electric  current,  or  by  a  rope  or  rod  from  the  surface,  and  the 
height  of  the  lift  need  not  at  any  time  exceed  from  30  to  50  feet. 

The  collecting-tank  and  the  winding-tanks  may  obviously  be  made 
large  enough  to  deal  with  any  quantity  of  water  from  5,000  up  to  or 
exceeding  100,000  gallons  an  hour,  provided  the  shaft  is  wide  enough 
and  the  winding-engine  sufficiently  powerful.  The  use  of  flat  rope-rolls, 
one  keyed,  the  other  bolted  to  a  boss  on  the  engine-shaft,  would  not  only 
furnish  the  means  of  lengthening  the  ropes,  with  a  minimum  loss  of 
time,  as  required,  but  would  also  to  some  extent  tend  to  counterbalance 
the  weight  of  the  rope  in  the  shaft  and  effect  a  corresponding  economy 
of  fuel. 

At  the  surface,  the  tanks  are  intended  to  deliver  the  water  into  three 
troughs,  one  between  the  two  tanks,  the  others  outside.  The  central 
trough  can  be  provided  with  a  light  hinged  flap  made  of  wood  or  sheet- 
iron  hanging  vertically  over  its  centre  line,  which  the  force  of  the  water 
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issuing  from  either  of  the  tanks  can  drive  against  its  opposite  side,  and 
thus  prevent  any  tendency  that  the  water  may  have  to  splash  over  into 
the  compartment  occupied  by  the  other  tank. 


Mr.  Jeremiah  Head  (London)  asked  whether  he  rightly  understood 
Mr.  Galloway  to  imply  that  10  lbs.  of  coal  were  used  per  horse-power  in 
pumping  out  water.  If  so,  he  would  be  at  a  loss  to  see  why  the  engines 
used  should  have  been  so  uneconomical.  Portable  agricultural  and  loco- 
motive engines  had  produced  1  indicated  horse-power  for  as  low  as  3  lbs. 
of  coal.  He  presumed  in  this  case  it  was  not  indicated  but  actual 
horse-power  in  water  lifted,  yet  even  then  the  difference  between  3  or 
4  lbs.  and  10  lbs.  was  not  easily  accounted  for.  He  could  only  imagine 
that  there  had  been  no  expansive  working,  no  compounding,  no  con- 
densing— possibly  also  the  coal  was  not  of  good  quality,  nor  economically 
used. 

Mr.  A.  L.  Steavenson  (Durham)  remarked  that  the  cost  of 
1,000,000  foot-pounds  at  Llanbradach  came  to  about  ^d.,  which  was 
excellent  work  under  the  circumstances.  A  good  many  of  the  members 
who  had  done  similar  pumping  had  found  it  cost  §d.  with  a  mine-pump. 

Mr.  B.  Wood  worth  remarked  that  if  some  winding-engines  were 
measured  in  the  same  way  by  mineral  raised,  the  consumption  would  be 
at  least  20  lbs.  of  coal  per  horse-power-hour.  He  had  roughly  checked 
what  he  considered  the  best  specimen  of  continuous  diagram  from  a 
winding-engine  that  he  had  seen  in  the  course  of  his  experience  as 
regards  results  of  working  with  ordinary  valve-gear  well  adjusted.  He 
found  without  any  allowance  for  landing  and  hooking-on,  that  the 
indicated  horse-power  showed  practically  5  tons  effort  on  the  piston  for 
a  paying-load  of  coals  averaging  about  52  to  53  cwts.,  so  that  the 
indicated  horse-power  was  at  least  75  per  cent,  above  the  duty  done, 
and  if  cut-off  gear  were  used  (which  would  not  be  likely  for  Mr. 
Galloway's  temporary  expedient)  the  indicated  power  would  be  the 
same  but  the  steam-consumption  would  be  reduced. 

Mr.  M.  H.  Douglas  (Usworth)  wrote  that  the  arrangements  and 
appliances  described  by  Mr.  Galloway  for  quickly  and  economically 
drawing  from  a  sinking-pit  large  accumulated  quantities  of  water  were 
very  interesting  and  of  great  value  to  members  who  might  have  to 
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undertake  this  class  of  work.  No  doubt,  the  good  results  obtained  were 
in  a  great  measure  due  to  the  use  of  wire-rope  guides,  on  which  the 
water-tanks  ran  in  the  shaft.  In  draining  old  workings,  however,  it 
was  not  always  advisable  to  rush  the  water  out  at  such  a  speed  as 
described,  on  account  of  the  pent-up  gases  which  might  be  encountered 
under  great  pressures. 

He  (Mr.  Douglas)  had  occasion  a  few  years  ago  to  unwater  a  new 
shaft  that  had  been  sunk  360  feet  below  the  coal-seams  ordinarily 
worked  at  the  colliery,  the  total  depth  of  the  shaft  being  1,050  feet. 
From  the  lower  coal-seam,  won  by  this  shaft,  the  workings  had  been 
opened  out  by  two  exploring-places  for  a  distance  of  600  feet  to  the  rise 
of  the  shaft,  and  these  places  were  producing  such  large  quantities  of 
gas  and  water  that  it  was  decided  to  suspend  operations  for  a  time 
until  suitable  appliances  could  be  procured.  The  shaft  and  workings 
were  allowed  to  fill  up  with  water  to  the  seam  above,  and  all  working 
was  abandoned  for  about  twelve  months.  The  lower  360  feet  in  depth 
of  the  shaft  was  fitted  up  with  exceptionally  strong  wooden  guides 
ready  for  coal-drawing,  and  was  ventilated  by  means  of  a  wooden 
brattice,  3  inches  thick ;  one  cage  only  being  in  use.  In  commencing  to 
withdraw  the  water,  two  large  water-tanks,  each  holding  400  gallons 
or  800  gallons  in  all,  were  fitted  securely  into  the  cage,  and  each  tank 
was  provided  with  large  inlet  and  outlet  flap-valves  for  rapid  and 
automatic  filling  and  emptying.  The  winding-engines  employed  had 
two  horizontal  cylinders,  each  48  inches  in  diameter  and  72  inches 
stroke,  fitted  with  a  horizontal  drum,  20  feet  in  diameter,  together  with 
all  the  latest  improvements  for  quick  winding. 

The  water  for  a  depth  of  180  feet  was  quickly  lowered,  when  it  was 
found  that  large  quantities  of  gas  were  being  given  off  at  the  surface 
of  the  water.  It  was  then  decided  to  draw  the  water  at  night  only, 
when  all  open  lights  were  removed  from  the  workings  and  on  the 
surface,  and  the  water  was  then  lowered  at  the  rate  of  about  6  feet 
every  twenty-four  hours.  This  rate  continued  for  twenty  days,  the  gas 
showing  no  appreciable  increase  or  decrease  until  the  water  was  lowered 
to  within  60  feet  of  the  bottom  of  the  shaft.  At  this  point,  the  cage 
got  fast  in  the  shaft,  and  the  engineman  reported  a  violent  oscillation 
just  previous  to  the  sticking  fast  of  the  cage.  No  one  was  in  the 
workings  or  on  the  pit-top  at  the  time  who  could  describe  what  the 
effect  was  at  these  two  points.  On  descending  the  shaft  and  making 
an  examination  of  the  cage,  it  was  found  that  the  water  had  suddenly 
subsided  close  down  to  the  inset  of  the  seam,  and  the  shaft-guides  and 
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brattice  were  completely  wrecked  and  blown  out  for  a  height  of  GO  feet. 
The  noise  caused  by  the  gas  issuing  at  the  inset  of  the  shaft  was 
deafening  at  the  point  where  the  cage  got  fast. 

The  question  of  sinking  one  shaft  down  so  great  a  distance  as  that 
described  by  Mr.  Galloway,  and  putting  down  bore-holes  from  the  second 
shaft,  did  not  appear  to  be  advisable,  on  the  score  of  time  and  economy. 
The  quick  speed  of  winding  water  described  could  not  be  attained  with 
safety,  except  wThere  rope-guides  were  in  use,  and  he  (Mr.  Douglas)  sug- 
gested that  in  small  shafts,  or  with  shafts  in  which  projecting  buntons, 
water-cisterns,  temporary  pumps,  etc.,  were  placed,  and  rope-guides  were 
not  in  use,  the  most  efficient  form  of  water-barrel  was  that  known  as 
the  cigar-shaped,  with  a  mushroom  spindle-valve  placed  at  the  bottom 
for  emptying  it  of  water. 

Mr.  John  Morison  (Crarnlington)  wrote  that  the  account  given  by 
Mr.  Galloway  of  the  means  adopted  -for  winding  water  at  Llanbradach 
colliery  was  extremely  interesting  and  valuable.  The  means  adopted 
were  manifestly  most  suitable  and  economical  under  the  circumstances, 
although  it  might  be  remarked  that  the  conditions  were  not  only  favour- 
able, but  very  peculiar. 

The  peculiarity  of  conditions  referred  to  was,  that  it  appeared  to  have 
been  possible  to  sink  No.  1  pit  at  a  distance  of  1G5  feet  from  No.  2  pit, 
through  the  same  strata  with  comparatively  little  water,  while  No.  2  pit, 
in  course  of  sinking,  liberated  the  large  quantity  of  water  recorded  in  the 
paper.  He  (Mr.  Morison)  had  similar  experience  in  finding  water  unex- 
pectedly in  ground  which  had  been  explored  in  close  proximity ;  but  it 
was  nevertheless  curious  that  a  shaft  exposing  so  large  an  area  of  what  is 
described  as  a  "  fissured,  water-bearing  sandstone,"  should  pass  through 
the  rock  without  draining  it  within  the  distance  mentioned. 

While,  therefore,  the  system  which  Mr.  Galloway  explained  and 
advocated  proved  applicable  to  the  existing  conditions,  he  (Mr.  Morison) 
thought  that  the  difficulties  of  winding  large  quantities  of  water  from 
sinking  pits  whilst  work  was  going  on  in  the  bottom  would  be  very 
much  greater  than  where,  as  in  Mr.  Galloway's  ease,  a  pioneer  pit  was 
sunk  ahead  of  the  pit  producing  the  water,  and  with  a  connexion  between 
them  which  enabled  the  water  made  in  the  sinking  pit  to  be  drained 
into  the  shaft  where  no  sinking  operations  were  in  progress.  Also 
he  (Mr.  Morison)  doubted  whether  it  would  be  practicable,  under 
the  best  possible  application  of  the  system  described,  to  deal  successfully 
with  a  quantity  of  water  approaching  100,000  gallons  an  hour,  as  was 
suggested  by  Mr.  Galloway  in  his  contemplated  scheme. 
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The  maximum  quantity  dealt  with  by  the  two  tanks  described 
amounted  to  94,000  gallons  per  hour,  but  in  this  case  the  whole  shaft 
was  free  for  the  water-tanks,  no  delays  in  fixing  a  dipping-tank  were 
necessary,  and  winding  was  practically  continuous. 

In  using  similar  means  for  sinking  through  water-bearing  strata 
under  ordinary  conditions,  he  (Mr.  Morison)  would  anticipate  consider- 
able difficulties,  under  the  scheme  suggested,  in  the  following  respects  : — 
(a)  In  providing  room  in  the  shaft  for  the  necessary  size  of  winding- 
tanks,  (b)  In  the  delay  occasioned  by  the  lowering  of  the  dipping- 
tank,  re-fixing  it,  and  manipulating  the  auxiliary  pumps,  it  being 
remembered  that  both  tanks  aud  pumps  must  of  necessity  be  of  consider- 
able bulk,  (c)  In  respect  of  the  short  distance  mentioned  (30  to  50  feet) 
as  the  lift  necessary  for  the  auxiliary  pumps,  and  the  frequent  removal 
of  the  tank  consequent  upon  the  short  distance,  (d)  In  executing 
walling  and  other  work  required  in  the  shafts  while  the  water-cages  and 
tanks  occupied  so  much  room  and  were  passing  at  a  high  speed,  (e)  In 
the  delay  to  winding,  which  would  be  occasioned  by  the  slow  speed  at 
which  it  would  be  found  necessary  to  run  the  water-cages  into  the  tank 
to  avoid  dangerous  shocks. 

He  (Mr.  Morison)  had  some  experience  in  winding  water  in  sinking, 
under  conditions  which  were  described  in  a  paper  read  by  him  and 
recorded  in  the  Transactions *  and  while  in  the  case  in  question  the 
method  used  proved  eminently  satisfactory  and  was  well  adapted  for 
moderate  quantities  of  water,  he  would  hesitate  before  attempting  to  use 
a  similar  system  for  a  quantity  approaching  100,000  gallons  an  hour,  as 
he  was  of  opinion  that  the  process  would  be  neither  so  satisfactory  nor  so 
economical  as  other  means  of  pumping,  where  any  such  quantity  was 
anticipated.  As  a  means  of  adjusting  the  ropes  to  various  positions  of 
the  "  dip,"  he  (Mr.  Morison)  had  employed  double  drums,  one  being 
clutched  and  the  other  fast,  and  by  this  means  the  ropes  were  adjusted 
with  very  slight  delay  and  at  frequent  intervals. 

Some  difficulty  appeared  to  have  been  experienced  with  the  concrete 
coffering  or  tubbing,  which  at  one  period  burst  and  liberated  200  gallons 
of  water  per  minute,  and  it  appeared  to  have  been  deemed  inadvisable  to 
repair  this  in  consequence  of  a  danger  of  bursting  the  tubbing  elsewhere. 
It  was  also  mentioned  that  a  circular  lodgment  was  formed  behind  the 
coffering.  In  employing  concrete  coffering,  he  (Mr.  Morison)  was  of 
opinion  that  no  cavity  should  be  left  between  the  side  of  the  pit  and  the 
coffering,  but  that  the  cement  should  be  run  to  the  wall-side,  so  that  the 

*  Trans.  Fed.  hint.,  vol.  viii.,  page  lib. 
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water-pressure  was  applied  to  the  most  restricted  area  of  the  walling 
possible.  Under  such  conditions  any  fracture  of  the  walling  was  less 
likely  to  occur,  and  if  it  did  occur  it  might  be  safely  repaired. 

Mr.  G.  E.  J.  McMurtrie  (Cinderford)  wrote  that  Mr.  Galloway's 
paper  did  not  necessarily  sho  \\T  that  he  was  in  favour  of  or  recommended 
such  arrangements  as  those  described,  although  the  fact  of  his  using  them 
pointed  in  that  direction.  Like  many  others,  he  (Mr.  McMurtrie)  had 
had  experience  of  winding  water  in  cases  of  temporary  breakdowns  of  the 
ordinary  pumps.  He  had  used  a  500  gallons  water-barrel,  with  a  large 
circular  bottom-valve  for  filling,  and  a  large  side  flat-valve  for  discharg- 
ing the  barrel,  fitted  with  an  arrangement  of  levers  so  as  to  automatically 
discharge  when  pressed  against  a  fixed  projecting  piece  of  timber  sho.l  with 
iron,  similar  to  that  described  in  the  paper.  In  his  case,  two  wire-rope 
guides  were  used,  and  although  the  shoot  into  which  the  water  discharged 
was  brought  as  close  to  the  barrel  as  was  considered  safe,  yet  there  was  a 
considerable  waste,  which  returned  down  the  shaft,  largely  due  to  the  barrel 
swinging  back  when  pulled  against  the  projecting  timber.  He  had  long 
contemplated  adding  wooden  steadying-guides  to  prevent  this  swinging, 
and  but  for  the  fact  that  water-winding  had  very  seldom  to  be  resorted  to, 
this  addition  would  have  been  made.  "While  he  (Mr.  McMurtrie)  con- 
curred with  Mr.  Galloway  in  considering  water-winding  advisable  in  cases 
b,  c,  and  e,  he  would  prefer  to  adopt  small  high-speed  pumps  in  cases 
a  and  d.  These  pumps  could  be  temporarily  slung  in  the  shaft  during 
the  sinking,  and  afterwards  fixed  on  platforms  or  in  small  chambers  at 
one  side  of  the  shaft.  Speaking  generally,  a  was  the  case  of  a  new 
winning,  and  d  of  recovering  an  abandoned  mine,  wThile  b,  c,  and  e 
referred  to  a  mine  that  was  already  won,  and  presumably  landing  large 
quantities  of  mineral.  Thus,  the  circumstances  of  the  two  cases  were 
quite  different. 

In  sinking  a  new  shaft,  where  water  was  expected  to  be  found,  the 
comparative  slow  speed  of  water-winding,  and  the  great  cost  of  labour, 
greatly  handicapped  water-winding  as  compared  with  pumping,  apart 
from  the  great  loss  of  time  that  this  work  must  consume,  unless  the  shaft 
be  a  large  one  and  the  Galloway  stage  adopted,  and  both  water-winding 
and  sinking  carried  on  simultaneously.  The  introduction  of  light  steel 
steam  and  delivery-pipes,  owing  to  their  small  first  cost,  had  greatly 
assisted  the  arrangement  of  small  high-speed  pumps.  Moreover,  when 
the  sinking  had  been  completed,  and  the  water  tubbed  back  and  coal  won, 
such  pumps,  in  his  opinion,  should  be  retained  and  worked  from  time  to 
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time,  so  that  in  case  of  accidents  to  the  main-shaft  pumps  they  might 
temporarily  replace  them.  This  arrangement  would  reduce  the  necessary 
expenditure  on  water-holds,  as  large  holds  would  not  then  be  essential. 
Holds  were  a  source  of  considerable  expense  in  repairs,  unless  arched  and 
invert-arched,  or  walled,  cemented,  and  secured  with  girders  or  railway 
rails. 

It  appeared  to  him  that  two  pumps  were  advisable  at  all  mines,  and 
were  absolutely  essential  where  large  quantities  of  water  had  to  be 
pumped  ;  and  in  his  opinion  it  was  advisable  to  retain  the  sinking-pumps 
for  this  purpose.  In  connexion  with  this,  or  where  this  arrangement 
was  not  considered  suitable,  it  would  be  advisable  to  place  two  small 
pumps  in  the  pit-bottom  equal  in  capacity  to  the  proposed  large  pumping- 
engine,  as  it  was  very  unlikely  that  two  pumps  would  break  down 
simultaneously.  The  addition  of  a  third  pump,  equal  in  power  to  either 
of  the  others,  would  entirely  prevent  trouble  due  to  accidents  with  the 
pumps,  especially  if  duplicate  parts  were  kept  of  those  most  likely  to 
break.  Of  course  this  arrangement  would  not  be  so  economical  in  fuel, 
but  against  this  loss  must  be  set  the  saving  in  capital  expenditure  and 
the  reduced  allowances  for  depreciation  as  compared  with  the  cost  of  two 
large  pumping-plants. 

If  water  be  wound  in  small  shafts  and  wire-rope  guides  were  used, 
additional  labour  would  be  required  to  watch  the  dipping  of  the  water- 
barrel,  and  to  prevent  it  from  hanging  on  the  frame  round  the  pit- 
bottom. 

Where  a  furnace  produced  the  ventilation,  water-winding  was  par- 
ticularly troublesome,  as  the  drip  of  the  water  greatly  interfered  with  the 
ventilation,  and  the  steam  produced  greatly  impeded  the  speedy  discharge 
of  the  water-barrel. 

Mr.  Galloway  said  that  if  Mr.  Head  had  carefully  read  the  papers 
on  winding- engines  which  had  been  recently  printed  in  the  Transactions 
he  would  have  seen  that  the  consumption  of  coal  used  per  horse-power 
per  hour  had  been  discussed  in  papers  by  Mr.  Bramwell*  and  himself 
(Mr.  Galloway),!  and  would  have  noticed  that  with  the  winding-engines 
therein  referred  to  the  consumption  was  given  in  pounds  of  steam,  not  in 
pounds  of  coal  per  horse-power  per  hour.  If  these  values  were  transposed 
to  pounds  of  coal  he  would  find  that  they  amounted  to  10  lbs.  of  coal  per 
horse-power  per  hour  and  upwards.  These  results  appeared  to  be  high 
when  compared  with  constantly-running  engines,  but  still,  as  Mr.  B. 

*  Trans.  Fed.  Inst.,  vol.  xii.,  page  282.  t  Ibid.,  vol.  xi.,  page  207. 
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"Woodwortk  had  said,  winding- engines  consumed  large  quantities  of  coal, 
and  he  believed  that  even  20  lbs.  of  coal  per  horse-power  per  hour  were 
consumed  in  some  cases. 

Mr.  B.  Wood  worth  asked  what  was  the  indicated  horse-power  in 
comparison  with  the  actual  work  ? 

Mr.  Galloway  said  that  he  had  not  ascertained  the  indicated  horse- 
power. 

A  vote  of  thanks  was  accorded  to  Mr.  Galloway  for  his  paper. 


The  following  "  Description  of  Various  Types  of  Ropeways,  and 
Remarks  as  to  their  Proper  Selection,"  by  Mr.  W.  Carrington,  was 
read : — 


VARIOUS  TYPES  OF  ROPEWAYS.  359 


DESCRIPTION  OF  VARIOUS  TYPES  OF  ROPEWAYS,  AND 
REMARKS  AS  TO  THEIR  PROPER  SELECTION. 


By  W.  CARRINGTON,  M.  Inst.  C.E. 


The  author,  in  this  paper,  proposes  not  so  much  to  describe  the 
various  types  of  wire-ropeways  now  in  use,  but  to  consider  the  various 
purposes  to  which  each  type  of  ropeway  is  most  suitable,  and  to  point  out 
the  necessity  of  a  selection  of  the  type  of  ropeway  for  each  variety  of  work 
which  it  is  required  to  do  ;  and  for  this  purpose  he  will  put  forward 
examples  of  each  type  of  ropeway,  pointing  out  in  connexion  with  each 
the  special  situation  and  circumstances  under  which  it  ought  to  be  used, 
and  illustrating  it  by  some  example  in  use  which  supports  the  views 
which  he  holds. 

It  must  be  perfectly  clear  that  no  one  system  of  ropeway  can  be 
universally  adaptable,  and  it  is  through  an  attempt  to  make  it  so  that 
the  discredit  which  fell  on  this  system  of  transport  in  its  earlier  days  is 
no  doubt  due. 

The  circumstances  which  should  decide  as  to  the  type  of  ropeway  to 
be  used  are  many,  chiefly,  the  character  of  the  country  which  has  to  be 
traversed,  the  class  of  materials  to  be  transported,  and  the  manner  in 
which  such  material  can  be  packed,  the  motive  power  available,  the 
incline  to  be  surmounted  and  the  spans  to  be  crossed,  the  quantity  to  be 
carried  per  day,  etc. 

No  engineer  would  attempt  to  use  one  type  of  boiler  under  all  cir- 
cumstances, and  in  the  same  way  no  engineer  should  attempt  to  use  one 
type  of  ropeway  for  every  situation  and  requirement. 

It  must  be  clear  to  any  one  acquainted  with  the  working  of  wire 
ropeways  that  for  steep  inclines,  long  spans,  heavy  individual  weights, 
etc.,  one  type  of  ropeway  will  always  present  advantages  over  other  types. 
The  attempt  to  follow  such  an  unwise  course  as  to  apply  one  type  of 
ropeway  in  every  case  has  thrown  totally  undeserved  discredit  on  the 
system  of  wire-ropeway  transport ;  for  this  type  of  transport  can  do 
thoroughly  efficient  and  satisfactory  work,  and  compete  well  with  the 
ordinary  ground  railways  of  the  class  found  in  mines. 
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The  author  having  studied  this  system  of  transport  during  the  last 
twenty-five  years  or  more,  having  been  identified  with  its  introduction, 
and  having  been  acquainted  with  all  the  modifications  introduced  from 
time  to  time  which  were  directed  to  its  improvement,  considers,  from 
the  point  of  view  he  takes  in  writing  this  paper,  that  he  is  qualified  to 
make  a  clear,  unbiased,  and  impartial  statement  to  put  before  the 
members. 

Kopeways  have  been  used  in  one  form  or  another  for  many  years,  but 
the  first  practical  introduction  of  wire-ropes  for  the  carriage  of  loads  to 
any  commercial  extent  was  that  made  by  Mr.  Charles  Hodgson  at  some 
quarries  at  Bardon  Hill,  near  Leicester.  There  he  erected  a  ropeway, 
which  the  author  believes  was  the  first  ever  erected  on  any  system 
similar  to  those  now  in  use.  In  his  original  patent,  he  described  two 
systems,  first  that  with  an  endless  wire-rope,  set  in  motion  at  a  speed  of 
about  4  miles  an  hour,  from  which  the  loads  were  hung,  and  with  which 
they  travel  similar  to  the  line  named  above,  which  he  put  up  near 
Leicester ;  and  the  second  type  in  which  there  were  used  two  fixed  ropes 
on  which  the  loads  hung  and  were  moved  by  means  of  suitable  wheels 
and  one  endless  hauling-rope  by  means  of  which  the  motion  was  given 
to  the  carriers.  This  system  was  adopted  in  Germany  under  various 
mames,  but  with  the  exception  of  a  few  details  it  was  fully  covered  by 
Mr.  Hodgson's  patent.  Up  to  the  present  time  it  has  been  most  largely 
used  on  the  Continent,  whereas  the  running-rope  system  had  been  more 
largely  adopted  in  this  country  and  its  colonies.  For  the  latter  countries, 
the  author  has  probably  constructed  more  lines  than  any  other  engineer 
on  the  running-rope  system. 

The  adoption  of  one  system  by  makers  of  wire-ropes  has  led  largely 
to  the  use  of  one  system  under  every  circumstance,  and  from  this,  no 
doubt,  had  arisen  the  early  failures  in  the  working  of  wire-ropeways. 

The  author  is  certain  that  had  the  type  been  selected,  in  accordance 
with  the  requirements  of  each  situation,  and  had  the  most  efficient  type 
been  selected,  the  use  of  such  a  means  of  transport  would  now  be  many 
times  greater  than  it  is. 

In  America,  a  modification  of  the  running-rope  system  was  introduced, 
and  for  many  years  remained  the  only  one  in  use;  but  more  remit  ly 
the  fixed-rope  system  has  been  introduced,  and  competes  with  the  former 
on  equal  terms. 

The  author,  very  soon  after  his  connexion  with  wire-rope  transport, 
determined  not  to  be  tied  to  any  one  system,  and  he  has  adopted  five 
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different  arrangements  of  wire -rope  transport,  from  which  he  selects,  on 
each  occasion,  the  one  he  considers  the  most  suitable,  viz. : — 

(1)  The  endless-running  rope,  as  originally  made  by  Mr.  Charles 
Hodgson,  but  greatly  improved  in  all  details. 

(2)  An  endless-rope  type  of  ropeway,  with  the  carriers  rigidly  fixed 
in  position  on  the  rope. 

(3)  The  fixed-rope  type,  also  patented  by  Mr.  0.  Hodgson,  but  with 
many  improvements  and  alterations,  differing  in  some  details  from  those 
made  in  Germany. 

(4)  The  single  fixed-rope  type,  in  which  one  carrier  is  drawn  to  and 
fro  by  means  of  an  endless  hauling-rope. 

(5)  The  use  of  two  fixed  ropes,  with  an  endless  hauling-rope,  in 
which  one  carrier  travels  in  one  direction  while  the  other  runs  on  a 
parallel  rope  in  the  opposite  direction.  This  type  of  tramway,  of  course, 
is  not  new,  but  it  has  been  improved  and  altered  in  many  ways,  and  it  is 
now  a  thoroughly  serviceable  type  of  tramway,  capable  of  being  used 
over  extremely  long  spans,  and  of  carrying  loads  up  to  3  tons. 

Having  all  these  systems  at  command,  it  is  easy  to  study  the  situa- 
tion in  which  the  tramway  is  required  and  the  work  it  has  to  perform, 
and  to  adopt  one  of  the  five  different  systems  named  above ;  and  this 
seems  to  be  the  only  reasonable  course  to  follow,  and  to  it  the  author 
attributes  the  great  success  he  has  attained  in  this  class  of  work. 

(1)  Endless-running  Roj)e. — Respecting  the  running-rope  type,  the 
author  considers  that  it  is  most  suitable  under  the  following  circum- 
stances : — Where  the  quantity  to  be  carried  does  not  exceed  400  to 
500  tons  per  10  hours,  where  the  inclines  do  not  exceed  1  in  3,  and 
where  the  individual  loads  do  not  exceed  6  cwts.,  and  also  where  the 
section  of  ground  does  not  necessitate  spans  of  greater  length  than 
600  feet.  Longer  spans,  steeper  inclines,  greater  quantities,  and  heavier 
loads  can  be  carried  by  this  system,  but  not  so  advantageously,  in  the 
author's  opinion,  as  another  system  referred  to  hereafter. 

This  type  of  ropeway  is  arranged  as  follows : — A  driving-gear  at 
one  end,  fitted  with  a  driving-drum,  varying  from  6  to  10  feet  in 
diameter,  and  arranged  with  suitable  gearing  for  receiving  the  power, 
steam,  water,  or  even  horse-power  in  the  case  of  smaller  lines.  At  the 
opposite  terminal,  a  similar  wheel  is  placed  and  is  provided  with 
tightening-gear.  Round  these  two  wheels,  an  endless  band  of  wire-rope 
is  placed.  Intermediately  between  them,  the  wire-rope  is  carried  on 
suitable  pulleys  of  diameter  varying  according  to  the  size  of  the  rope, 


362  VARIOUS  TYPES  OF  ROPEWAYS. 

the  pulleys  being  carried  on  posts  of  iron  or  timber,  spaced  about  200 
feet  apart,  and  of  suitable  height  to  enable  the  carriers  to  clear  inter- 
vening obstacles,  and  also  to  regulate  to  a  certain  extent  the  general 
level  of  the  line.  Carriers  hang  from  the  rope  and  are  enabled  to  pass 
the  supporting  pulleys  by  means  of  a  curved  hanger,  which,  pivoting  in 
the  V-shaped  saddle  which  rests  on  the  rope,  is  attached  to  the  carrier 
or  receptacle  by  means  of  a  hook.  Two  types  of  saddle  are  used:  in  one 
case,  the  saddle  is  made  with  wood  or  rubber,  or  composition  friction- 
blocks,  held  in  an  iron  frame  by  means  of  which  the  necessary  friction 
on  the  rope  is  obtained,  which  enables  the  carrier  to  pass  with  the  rope 
up  steep  inclines  under  all  circumstances.  The  frame  which  carries  these 
friction-blocks  is  usually  of  malleable  cast-iron  and  has  wings  at  each 
end,  which,  as  the  carrier  arrives  at  the  supporting  pulley,  embrace  the 
pulley-rim  and  pass  over  it.  This  type  of  frame  was  introduced  by  the 
author  in  1874. 

In  the  next  case,  the  saddle  is  of  such  a  form  that,  while  resting  on 
the  rope,  it  passes  through  an  enlarged  groove  of  the  supporting  pulleys. 
In  this  case,  the  frictional  connexion  to  the  rope  is  frequently  replaced 
by  a  mechanical  arrangement  which  grasps  the  rope  or  by  an  arrange- 
ment of  lug  cast  on  to  the  frame  or  to  a  movable  portion  of  it,  which 
prevents  the  carrier  from  slipping  by  resting  between  the  strands  of  the 
rope.  The  limit  of  incline  workable  under  the  first  arrangement  is 
probably  about  1  in  3.  In  the  second  arrangement,  a  steeper  incline 
can  be  worked.  The  lasting  power  of  the  rope,  is,  however,  in  the 
author's  opinion,  considerably  reduced,  as  the  lug  prevents  the  rope  from 
rotating. 

In  both  cases,  the  frame  which  carries  friction-pieces  or  clips  is  fitted 
with  two  small  wheels  carried  on  pins  attached  to  it,  which  are  called 
shunt-wheels,  and  are  employed  for  removing  the  carrier  from  the  rope 
at  the  terminals  and  at  the  curves,  where  shunt-rails  are  placed.  These 
rails  are  held  in  such  a  position  that  when  the  carrier  approaches  the 
terminal  the  small  wheels  engage  on  it,  and  running  up  a  slight  incline, 
lift  the  friction  or  clip-saddle  from  the  rope,  and  enable  it  to  pass  to 
where  the  loading  and  unloading  is  required  to  be  done,  or  round  the 
curve-wheels.  The  impetus  derived  from  the  speed  of  the  rope,  about  4 
miles  per  hour,  is  sufficient  to  enable  the  carrier  to  clear  itself  automati- 
cally from  the  rope  without  difficulty.  Thus,  we  see  that  the  first 
system  consists  of  an  endless  wire-rope  driven  by  suitable  gearing,  with 
carriers  hung  on  the  rope,  travelling  with  it  either  by  means  of  friction 
or  mechanical  clips. 
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An  example  of  this  type  of  ropeway  is  a  line  of  about  2  miles  in 
length  in  Algeria,  capable  of  transporting  100  tons  per  day  of  ten  hours. 
It  has  one  curve,  about  midway,  in  its  length,  and  passes  over  some 
mountainous  country  near  its  upper  terminal. 

Another  example  consists  of  a  remarkable  line  in  Spain,  where  three 
groups  of  three  lines  each  are  placed  between  some  iron-mines  and  a 
railway.  The  total  carriage  per  day  averages  from  2,300  to  2,500  tons 
per  ten  hours.  The  first  group  of  three  lines  was  designed  by  the 
author  and  erected  by  the  company  for  which  he  acted  as  engineer,  and 
the  remaining  two  groups  are  almost  replicas  of  the  first.  Some  ad- 
vantages of  such  grouping  may  be  mentioned,  as  absolute  freedom  from 
complete  stoppage  from  breakdown,  and  convenience  for  gathering 
mineral  from  a  number  of  scattered  mines.  This  is  well  shown  in 
the  illustration  of  a  curve  made  to  accommodate  three  groups  of  wire 
lines  of  tramway  (Fig.  1,  Plate  III.). 

Eespecting  the  lasting  power  of  the  ropes,  which  are  the  chief  wear- 
ing parts  and  most  expensive  to  renew,  it  may  be  of  interest  to  state 
that  on  a  line  in  Spain,  carrying  300  to  350  tons  per  day  over  a  length 
of  1  mile,  one  rope  carried  165,000  tons,  and  this  represented  an  outlay 
per  ton  per  mile  for  rope-renewal  of  about  ^d. 

Including  renewals  of  wear-and-tear  and  labour,  but  not  fuel,  the 
average  cost  per  ton  per  mile  for  transport  may  be  taken  as  varying  from 
3d.  to  5d.  per  ton. 

(2)  Endless-rope  Type. — The  second  type  is  similar  in  some  respects, 
and  is  specially  suitable  where  very  steep  inclines  and  sudden  and  con- 
tinual changes  of  level  have  to  be  operated  over.  It  is  probably  impossible 
to  state  the  limit  of  incline  on  which  this  type  of  ropeway  can  work.  As 
guard  or  depressing-pulleys  may  be  placed  wherever  necessary  without 
obstructing  the  passage  of  the  carriers,  the  vertical  angle  of  the  line  may 
change  at  each  post.  It  has  the  driving-gear,  the  tightening-gear,  and 
the  endless-rope,  also  the  pulleys,  but  the  carrier  does  not  rest  on  the 
rope  :  it  is  clipped  to  the  latter  by  means  of  a  steel-band  which  embraces 
it,  tightened  by  a  convenient  arrangement.  The  position  of  the  carriers 
therefore,  is  fixed,  they  are  placed  in  position,  and  where  the  rope  goes 
they  must  go.  As  a  result,  at  the  terminals  they  must  go  round  the 
terminal-wheels.  The  driving-wheel  is  generally  in  the  form  of  a  special 
clip-drum,  and  the  terminal-wheel  where  the  tightening  takes  place  is 
arranged  so  that  the  passing  round  of  the  carriers  is  easily  effected. 

Unloading  can  be  readily  done  by  striking  a  catch,  causing  the 
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bucket  to  capsize  or  open  at  the  bottom.  Loading,  however,  is  a  more 
complicated  matter,  and  devices  very  ingenious  and  more  or  less  efficient, 
have  been  devised  for  loading  the  carrier  either  while  it  passes  round  the 
driving-drum,  or  at  a  point  adjacent  thereto,  by  means  of  hoppers  or 
cages  going  at  the  same  speed  as  the  carrier  and  operated  by  it. 

The  author  has  erected  several  lines  of  this  type  in  situations  where 
it  would  have  been  impossible,  or  nearly  so,  to  use  any  other,  and  with 
great  success.  For  moderate  loads  they  prove  an  excellent  means  of 
transport. 

(3)  Fixed-rope  Type. — The  third  type  of  ropeway  is  that  in  which 
two  parallel  fixed-ropes  are  used  on  which  the  carriers  run  drawn  along 
by  means  of  a  hauling-rope.  It  should,  in  the  author's  opinion,  be 
employed  where  the  quantities  to  be  transported  exceed  500  tons  per 
day,  except  in  the  case  where  grouped  lines  of  the  first  type  are  suitable, 
and  where  the  loads  exceed  6  cwts.,  also  where  the  inclines  exceed  1  in  2 
or  3,  and  spans  are  over  600  to  1,000  feet. 

It  is  economical  in  wear-and-tear,  but  the  first  cost  is  great,  and  it 
does  not  lend  itself  to  sudden  changes  in  the  vertical  angle  of  the  line, 
but  where  the  quantities  to  be  transported  are  not  large  the  fourth  and 
fifth  type  may  be  found  superior. 

The  construction  of  this,  the  third  type  of  wire -ropeway  is  as 
follows  : — Two  fixed  ropes  are  stretched  parallel  to  one  another,  and 
about  7  feet  apart,  being  supported  by  posts  about  300  feet  apart,  where 
special  saddle-castings  are  provided,  and  being  anchored  at  one  of  the 
terminals,  and  tightened  at  the  other  by  suitable  gear.  On  these  fixed 
ropes,  the  carriers  run,  being  fitted  with  running-heads  carrying  steel- 
grooved  wheels,  in  which  the  hanger  is  pivoted  from  which  the  receptacle 
hangs.  These  carriers  are  moved  at  a  speed  of  from  4  to  6  miles  per 
hour  by  means  of  an  endless  hauling-rope,  operated  by  suitable  driving- 
gear  at  one  end  and  tightening-gear  at  the  other.  The  attachment  of 
this  hauling-rope  to  the  carrier  is  a  matter  of  importance,  as  it  must  be 
made  by  means  of  an  automatic  clip  which  will  release  itself  on  arrival 
at  the  terminal  station,  and  at  the  same  time  will  hold  sufficiently  tight 
to  enable  the  hauling-rope  to  drag  the  carrier  up  the  steep  inclines  which 
may  occur.  This  is  done  either  by  forming  a  knot  in  the  hauling-rope 
or  putting  a  sleeve  round  the  hauling-rope,  or  a  suitable  casting  inside 
the  hauling-rope  at  certain  points  so  as  to  make  an  enlargement  at  that 
point  on  which  the  clip  engages  by  a  suitable  device  which  prevents  its 
escape.     On  arrival  at  the  terminal,  this  device  releases  the  knot  or 
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obstacle  formed  in  the  hauling-rope,  a  lever  attached  to  it  being  operated 
by  a  suitable  striking-bar.  A  better  arrangement  however  is  that  of  a 
clip  by  means  of  which  the  hauling-rope  is  held  simply  by  pressure  result- 
ing from  the  operation  of  wedges  acting  on  inclines.  This  arrangement 
is  certainly  far  superior  to  any  device  of  knot  or  sleeve-attachment  to  the 
hauling-rope.  and  gives  better  results  in  the  working  of  the  rope.  Where 
the  inclines  are  only  slight,  simple  pressure  has  been  used  by  pressing  two 
pulleys  or  plane  surfaces  together  on  each  side  of  the  hauling-rope.  This 
system  has  answered  sufficiently  well  where  the  pull  on  the  hauling-rope 
is  slight.  In  other  respects  this  type  of  line  has  shunt-rails,  supports, 
driving  and  tightening-gears  in  common  with  the  first-named  type. 

A  line  of  this  class  erected  in  the  East,  with  an  incline  of  1  in  1^, 
is  worked  over  a  distance  of  1  mile,  carrying  about  100  tons  per  day 


Fig.  2. 

(Fig.  2.)  The  power  generated  by  this  falling  load  is  absorbed  at  the 
upper  terminal  by  a  device  similar  to  the  Froude  break,  which  has  an 
adjustment,  by  means  of  which  the  speed  may  be  regulated  to  a  nicety, 
and  in  conjunction  with  a  small  break  enables  the  line  to  be  stopped 
with  ease  at  any  moment. 

The  author,  in  1875,  built  a  line  in  the  Apennines  for  the  carriage 
of  timber,  in  which  loads  of  30  cwts.  are  transported  over  a  length  of  2^ 
miles,  over  an  average  gradient  of  1  in  5,  there  being  a  number  of  long 
spans,  the  maximum  of  which  is  over  2,000  feet  between  supports. 

These  are  only  examples  of  a  number  of  lines  which  might  be  men- 
tioned, but  the  object  of  the  author  is  not  to  enumerate  the  work  that 
he  has  carried  out,  but  to  mention  special  examples  which  illustrate 
his  argument  as  to  the  selection  of  the  proper  type  of  tramway  for  each 

situation. 
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(4)  Single  Fixed  Ropes.— The  fourth  type  or  single  fixed  rope  with 
one  carrier  is  most  suitable  for  situations  where  moderate  quantities 
have  to  be  transported,  and  for  heavy  individual  loads  and  over  great 
spans  and  steep  inclines  it  is  cheaper  in  first  cost  and  maintenance 
than  the  third  type,  and  simpler  to  erect  and  to  manipulate.  The 
arrangement  consists  of  one  single  fixed  rope  in  which  one  carrier  is 
employed,  this  carrier  being  drawn  to  and  fro  by  suitable  motive  power. 


Fig.  3. 

The  carrier  hanging  from  the  fixed  rope  is  moved  to  and  fro  by  means 
of  an  endless  hauling-rope,  operated  by  suitable  driving-gear  and 
tightening-gear,  the  driving-gear  being  arranged  with  reversing-gear, 
so  that  the  direction  in  which  the  hauling-rope  runs  may  be  changed  by 
the  driver.  The  fixed  rope  is  supported  on  posts  at  intervals  of  about 
300  feet,  and  the  hauling-rope  is  carried  on  pulleys  fitted  with  guide- 
bars,  placed  in  the  centre  of  the  post  over  which  the  carrier  passes,  the 
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posts  being  so  arranged  as  to  allow  of  the  carriers  passing  through 
them.  The  return  hauling-rope  is  carried  on  an  outside  pulley  carried 
on  an  arm  of  the  post.  The  hauling-rope  is  attached  to  the  carrier- 
head  by  a  peculiarly  shaped  pendant,  which  causes  it  to  pass  under  the 
saddle-transom.  Having  used  this  type  of  tramway  for  some  years  for 
transporting  large  quantities  over  short  distances,  viz.,  at  Nine  Elms 
Gas-works,    London,   where   quantities   of   400   tons   were   transported 
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in  10  hours  over  a  distance  of  about  450  feet,  and  again  at  a  sugar- 
works  on  the  Thames,  where  a  similar  quantity  was  transported,  and  in 
many  other  parts  of  the  world,  the  author  introduced  this  type  for  use 
on  longer  lines  where  smaller  quantities  were  required  to  be  transported. 
A  line  at  Cape  Town,  Cape  of  Good  Hope,  has  been  at  work  for  some 
four  or  five  years,  transporting  about  40  to  50  tons  per  day  over  a  length 
of  about  7,500  feet.     The  section  of  ground  traversed  is  very  severe,  and 
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necessitates  the  use  of  two  spans  of  some  1,500  feet  each.  This  line  also 
is  arranged  to  carry  loads  up  to  15  or  20  cwts.,  and  has  been  at  work 
since  its  erection,  giving  great  satisfaction.  Passengers  have  also  travelled 
by  it,  but  as  it  was  not  constructed  for  that  purpose,  they  have  always 
done  so  at  their  own  risk ;  there  is,  however,  practically  no  danger  (Figs. 
3,  4,  and  5). 

A  similar  line  was  erected  by  the  author  at  Hong  Kong,  especially  for 
the  purpose  of  carrying  workmen,  and  it  has  proved  most  efficient.     Its 


Fio.  5. 
length  is  about  0,500  feet,  and  the  average  incline  about  1  in  (>.  No 
very  long  spans  are  required,  the  maximum  being  about  GOO  feet.  The 
carrier  accommodates  six  passengers,  and  is  an  adaptation  of  the  well- 
known  knifeboard  of  an  omnibus.  This  line  passes  over  two  water- 
reservoirs  and  several  ravines.  It  has  been  at  work  for  some  seven  years 
with  complete  efficiency.  The  motive  power  is  steam.  The  only  labour 
required  is  that  of  the  engineer  who  controls  the  engine  which  drives  the 
line. 


VARIOUS  TYPES  OF  ROPEWAYS. 


369 


(5)  Two  Fixed  Ropes. — The  fifth  and  last  type  is  one  which  acts  as 
an  intermediate  between  the  third  and  fourth,  being  most  suitably  used 
where  the  quantity  is  not  sufficient  to  justify  the  use  of  No.  3  type  or 
where  the  loads  are  too  heavy  ;  also  where  the  spans  are  extremely  long 
and  great  simplicity  of  detail  is  desirable.  It  is  cheaper  than  the  third 
type,  both  as  to  first  cost  and  maintenance,  and  requires  fewer  men  to 
manipulate  it. 

The  arrangement  of  this  type  is  that  of  two  fixed  ropes  stretched 
side  by  side  similar  to  the  third  type.  In  this  type  only  two  carriers 
are  employed,  one  moving  forward  while  the  other  moves  homeward. 


Fig.  6. 

The  loads  are  not  limited,  but  may  be  up  to  2  or  3  tons  ;  the  spans  also 
may  be  very  great,  and,  under  some  circumstances,  there  may  be  no 
supports  whatever.  As  a  rule,  this  type  of  line  is  made  self-acting  on 
single  spans  or  supported  at  points,  and  the  load  descends  and  draws  up 
an  empty  carrier  which  in  its  turn  is  loaded  and  descends,  or  operated  by 
power  where  the  loaded  carrier  passes  up  and  the  empty  down,  and 
vice  versa. 

Of  the  former  class,  the  line  in  the  Alps  is  a  good  example,  and  the 
lines  in  the  Pyrenees,  where  the  author  has  erected  a  large  number,  in 
one  case  with  a  long  span  of  4,500  feet  between  supports. 

These  ropeways  carry  about  50  tons  of  mineral  down  and  about  20 
tons  of  stores  up.  The  workmen  habitually  travel  up  in  the  carriers 
which  run  at  a  speed  of  about  30  to  40  miles  per  hour.  The  class  of 
this  type,  where  the  loads  go  up  hill,  is  well  illustrated  by  the  line  at 
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Gibraltar  (Fig.  6) :  here  the  incline  is  1  to  2  and  the  line  is  3,600 
feet  long,  the  longest  span  being  about  900  feet.  Loads  of  10  to  14 
cwts.  are  carried  and  intermediate  landing-stages  are  provided.  The 
materials  transported  are  military  stores  and  ammunition  ;  one  controller 
and  one  engineer  work  this  line  which  can  transport  80  tons  per  day. 
Authorized  persons  also  travel  to  the  top  of  the  rock  by  this  ropeway. 
There  are  many  other  examples  which  it  is  needless  to  quote. 

The  author,  in  conclusion,  begs  to  submit  that  he  has  made  out  his 
case,  and  has  shown  that  the  only  way  to  secure  successful  working  and 
efficiency  with  wire-ropeways  is  to  select  the  most  suitable  type  in  each 
case.  To  this  he  has  attributed  the  great  share  of  success  which  has 
attended  the  work  that  he  has  carried  out  in  conjunction  with  Messrs. 
Bullivant  &  Co.,  of  London,  who  have  in  all  cases  acted  as  his  con- 
tractors. 


Mr.  Bennett  H.  Brough  wished  to  point  out  the  inaccuracy  of  the 
statement,  made  in  Mr.  Carrington's  interesting  paper,  to  the  effect  that 
the  Bardon  Hill  ropeway  was  the  first  ever  erected  on  any  system  similar 
to  those  now  in  use.  As  a  matter  of  fact,  an  old  engraving,  dated  1641 
(reproduced  in  Fig.  7,  Plate  III.),  showed  an  aerial  ropeway  with  endless- 
rope  at  work  in  the  construction  of  the  fortifications  of  Dantzig  in  Eastern 
Prussia.*  Another  early  endless-ropeway,  carrying  a  suspended  load  at 
intervals,  was  described  and  illustrated  in  the  remarkable  book  entitled 
Mechanick  Powers .-  or  the,  Mister y  of  Nature  and  Art  imvaWd,  by 
Messrs.  V.  Mandey  and  J.  Moxon,  published  in  London  in  1696.  More- 
over, the  ropeway,  combined  with  a  tow-line,  as  a  means  of  crossing 
streams  had  been  used  in  the  Himalayas  long  before  that  date.  The  value 
of  Mr.  Oarrington's  paper  would  have  been  greatly  enhanced  if  reference 
had  been  made  to  existing  literature  on  the  subject.  Mr.  Emerson 
Bainbridge's  paper  read  before  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers  in  1870 1  and  Mr.  J.  Pohlig's  paper  read 

*  The  illustration  is  taken  from  Mr.  B.  H.  Brough's  Cantor  Lectures  on  "  Mine 
Surveying,"  Journal  of  the  Society  of  Arts,  1892,  vol.  xl.,  page  828. 
t  Transactions,  vol.  xx.,  page  3. 
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before  the  Iron  and  Steel  Institute  in  1890*  contained  valuable  inform- 
ation which  should  not  be  ignored  in  discussing  the  relative  merits  of 
the  various  types  of  ropeways. 

The  different  systems  could  probably  be  compared  nowhere  better 
than  at  the  Bilbao  iron-mines,  where  the  most  striking  feature  of  the 
district  was  the  variety  of  the  haulage-systems  employed.  Experience 
there  showed  that  in  the  Hodgson  ropeways  the  saddles,  by  which  the 
buckets  were  suspended  from  the  rope,  were  formerly  lined  with  india- 
rubber,  and  in  rainy  weather  slipped  to  such  an  extent  as  to  detract 
seriously  from  the  efficiency  of  that  system.  By  lining  the  saddles  with 
wood  and  placing  two  toggles  of  steel  at  the  extremities,  this  difficulty 
had,  however,  been  obviated.  The  average  daily  quantity  of  ore  carried 
on  one  ropeway  was  about  255  tons.  On  the  other  hand,  the  ropeways  of 
the  Provincial  Deputation  were  of  the  Otto  system,  and  the  greatest 
quantity  of  ore  brought  down  in  one  day  of  twelve  hours  was  914  tons,  a 
remarkable  quantity  for  a  single  line.  Full  details  of  these  ropeways 
were  given  in  Mr.  William  Gill's  exhaustive  paper  read  last  year  at  the 
Bilbao  meeting  of  the  Iron  and  Steel  Institute.!  Undoubtedly,  the  most 
remarkable  Otto  ropeway  was  that  at  Garrucha  in  the  south  of  Spain,  the 
greatest  span  being  918  feet,  the  steepest  gradient  1  in  2\,  and  the  length 
of  the  line  9|  miles. 

The  preliminary  survey  for  a  ropeway  was  a  matter  that  required 
considerable  care.  The  terminal  points  of  the  line  should,  wherever 
possible,  be  so  placed  that  the  ropeway  joining  them  should  be  in  a 
straight  line,  for  each  turn  not  only  increased  the  amount  of  construction 
necessary,  but  also  the  cost  of  working,  as  it  necessitated  the  erection  of 
a  complete  station  at  such  points.  At  the  points  selected  for  the  supports 
the  surveyor  had  to  determine  the  depth  of  solid  ground.  Frequently, 
too,  there  were  other  difficulties  to  contend  with.  For  example,  some 
years  ago,  in  making  the  preliminary  survey  for  an  Otto  ropeway  in  the 
West  Indies,  he  (Mr.  Brough)  found  that  the  work  was  rendered 
extremely  complicated  by  the  dense  tropical  vegetation.  It  was 
impossible  to  see  the  two  ends  from  any  point  in  the  proposed  line,  and 
it  was  consequently  necessary  first  to  make  a  traverse  and  then  to  set 
the  line  out  from  the  calculated  co-ordinates,  just  as  if  the  work  were 
being  done  in  a  mine,  a  path  being  cut  through  the  jungle  for  the  line  of 
levels. 

Mr.  R.  E.  Commans  (London)  wrote  that  Mr.  Carrington's  paper 
constituted  a  valuable  addition  to  the  somewhat  limited  literature  on  the 

*  Journal,  1890,  vol.  ii.,  page  612.      f  Journal,   1896,  vol.  ii.,  page  36. 
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interesting  subject  of  ropeways,  and  very  clearly  explained  the  various 
types  of  these,  and  the  conditions  which  determined  their  employment. 
The  importance  of  this  means  of  transport  was  by  no  means  sufficiently 
appreciated  by  engineers  and  others  in  this  country,  and  the  difficulties 
often  raised  by  local  authorities  and  landowners  to  its  introduction  were 
surprising  and  absurd,  and  no  doubt  in  a  great  measure  due  to  ignorance. 
Abroad,  and  more  especially  on  the  continent,  they  are  undoubtedly  twenty 
years  ahead  of  us  in  the  adoption  of  this  useful  and  economical  means  of 
transport.  A  better  proof  of  this  statement  could  not  be  found  than  the 
fact  that  all  the  illustrations  employed  by  the  author  in  his  paper  are 
taken  from  lines  erected  by  him  abroad 

As  a  maker  of  ropeways  of  all  kinds,  but  more  especially  of  the 
well-known  Otto  or  double-rope  system,  in  which  two  fixed  carrying  ropes 
and  one  light  endless-hauling  rope  are  used,  he  (Mr.  Commans)  felt  bound 
to  take  exception  to  one  remark  in  Mr.  Carrington's  paper,  viz  :—  when 
referring  to  the  double-rope  system,  he  stated  that  Mr.  Hodgson's  original 
patent  covered  this  system  "  with  the  exception  of  a  few  details."  These 
"  few  details  "  were  not  evident  from  the  paper,  and  it  was  but  fair  to  the 
inventor  of  the  details  of  the  Otto  system,  to  add  that,  after  careful 
perusal  of  Mr.  Hodgson's  published  specifications,  there  was  nothing 
contained  in  them  in  any  way  resembling  the  details  which  constituted 
the  essential  features  of  the  Otto  system,  and  to  which  undoubtedly  more 
than  to  anything  else,  the  great  success  of  that  system  was  due. 

It  could  not  be  too  strongly  impressed  on  purchasers  of  ropeways  that, 
for  a  ropeway  to  be  a  success,  everything  must  be  of  the  very  best,  as,  like 
a  chain,  the  working  of  the  line  was  dependent  on  the  strength  of  the 
weakest  link,  and  a  low  first  cost  invariably  proved  in  the  end  to  be 
mistaken  economy. 

He  (Mr.  Commans)  felt  specially  indebted  to  Mr.  Carrington  for  this 
paper,  in  the  first  place,  because  he  had  in  a  great  measure  relieved  him 
of  a  long  outstanding  obligation  to  read  a  paper  on  the  subject  before 
that  Institution,  and  secondly,  because  there  was  no  doubt  that  the  more 
the  advantages  of  this  system  of  aerial  transport  were  made  known,  the 
greater  must  be  the  demand  for  these  lines. 

Mr.  W.  Carrington  wrote  that  it  was  very  curious  to  find  that 
ropeways  were  used  in  1641.  They  could  not  have  been  a  success,  he 
thought,  or  their  use  would  not  have  been  discontinued,  and  without 
details  it  was  impossible  to  criticize  the  interesting  woodcut  (Fig.  7, 
Plate  III.). 
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The  description  in  the  book  entitled  Mechaniclc  Powers,  referred  to  by 
Mr.  Brough,  showed  that  a  rough  type  of  fixed  ropeway  in  its  most 
primitive  state  had  been  used  in  very  early  ages,  and  this  he  had  never 
doubted.  In  referring  to  the  first  ropeway  at  Bardon  Hill,  he  intended 
to  convey  the  meaning  that  it  was  the  first  example  of  a  running-rope 
ropeway  of  the  type  now  in  use,  and  this  he  still  believed  it  to  be. 

He  was  aware  that  papers  had  been  read  on  the  subject  of  wire  rope- 
ways, but  .he  had  not  before  seen  a  paper  which  had  attempted  to 
discuss  dispassionately  the  various  types  of  ropeways  now  in  use,  and  to 
allocate  to  each  their  proper  sphere.  This  was  the  object  of  his  paper, 
and  he  trusted  that  he  had  succeeded  to  some  extent. 

He  could  not  accept  Mr.  Brough's  remarks  as  to  Hodgson  ropeways  as 
being  correct.  Lines  on  this  principle  have  worked  without  any  difficulty 
for  years  with  the  use  of  the  rubber  friction-pieces  on  inclines  of  1  in  3 
and  upwards,  and  it  was  only  in  the  use  of  the  old-fashioned  saddle,  used 
on  some  of  the  older  lines  at  Bilbao,  that  any  difficulty  may  have  arisen. 
The  want  of  attention  to  the  maintenance  of  the  saddles  is  the  cause  of 
much  of  the  trouble  of  which  Mr.  Brough  had  heard  on  some  of  the 
lines  at  Bilbao.  He  could,  however,  point  out  to  Mr.  Brough  many  rope- 
ways at  work  which  had  worked  for  many  years  past,  and  with  which  no 
such  trouble  had  arisen.  He  knew  also  of  several  lines  carrying  from 
350  to  400  tons  per  day  each,  and  capable  of  maintaining  this  rate 
continuously. 

No  doubt  one  Otto  fixed-rope  line  can  carry  more  than  one  Hodgson 
line,  but  its  cost  is  also  far  greater,  and  a  group  of  ropeways  on  the 
Hodgson  system  can  be  made  to  carry  as  much,  and  certainly  as 
economically  as  a  single  Otto  line.  Assurance  is  also  obtained  against 
total  stoppage  by  the  use  of  grouped  lines. 

He  was  strongly  adverse  to  the  use  of  the  toggles  of  steel  mentioned 
by  Mr.  Brough  :  he  had  found  them  to  cause  great  wear-and-tear  on 
the  cables,  and  to  require  a  considerable  maintenance  in  themselves. 

The  Garrucha  line  was  remarkable  simply  for  its  length,  but  in  other 
respects  it  did  not  seem  to  him  to  present  any  important  points. 

While  advocating  no  special  type  of  ropeway  himself,  he  must 
distinctly  state  that  he  did  not  accept  the  statement  made  respecting  the 
Hodgson  ropeways  at  Bilbao  as  representing  the  true  state  of  the  case. 

He  (Mr.  Carrington)  might  point  out  that  Mr.  Hodgson's  original 
patent  comprised  the  use  of  wire  ropeways  worked  on  the  endless-rope 
system,  and  also  on  a  system  which  involved  two  fixed  ropes  on  which 
the  carriers  were  to  run  drawn  by  an  endless  hauling-rope,  and  similar 
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to  all  systems  of  the  fixed  rope  type.  Mr.  Hodgson  did  not  specify  the 
use  of  any  particular  form  of  grip,  and  for  all  practical  purposes  his 
shunt-rail  was  applicable  to  both  of  his  types  of  ropeway.  "While,  of 
course,  Mr.  Hodgson  did  not  pateut  everything  which  was  now  in  use 
with  fixed-rope  tramways,  he  nevertheless,  in  his  opinion,  practically 
covered  the  whole  scheme,  leaving  the  special  means  of  attaching  and 
detaching  the  hauling-rope  to  the  carrier  undefined. 

Respecting  Mr.  Commans'  remarks  that  all  the  examples  given  in  his 
paper  referred  to  lines  erected  abroad,  he  might  state  that  he  had  erected 
a  number  of  lines  at  home,  but  that,  owing  to  the  difficulty  of  wayleaves, 
etc.,  they  were  not  of  so  great  importance  as  those  which  he  had  named 
as  having  been  erected  abroad. 

The  President  moved  a  vote  of  thanks  to  Mr.  Carrington  for  his 
paper. 

Mr.  N.  R.  Griffiths  seconded  the  motion,  which  was  carried 
unanimously. 


The  following  paper  by  Mr.  Clement  Edwards  on  "  Railways  and  their 
Relation  to  the  Coal  Trade  "  was  taken  as  read : — 
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By  Mr.  CLEMENT  EDWARDS. 

The  subject  of  railways  and  their  relation  to  the  coal  trade  can 
scarcely  be  exaggerated  in  importance  from  the  national  standpoint. 
Mr.  George  Stephenson  was  perfectly  right  when  he  declared  that  the 
wool-sack  of  the  House  of  Lords  ought  to  give  place  to  a  coal-sack,  as  the 
true  emblem  of  Great  Britain's  staple  commodity.  Upon  a  continued  and 
cheap  supply  of  fuel  depends  not  only  the  industrial  supremacy  of  this 
country,  but  even  her  capacity  to  prevent  a  rapid  decline.  The  writer 
does  not  share  in  that  political  hysteria  that  has  expressed  itself  in 
"  Made  in  Germany,"  and  which  would  panic-stricken  seek  a  remedy  in 
the  reversal  of  the  free  trade  policy.  None  the  less,  a  bold  and  dispas- 
sionate examination  of  the  facts  shows  unquestionably  that  we  no  longer 
hold  that  predominant  lead  in  the  world's  industrial  race  of  which  hitherto 
we  have  so  fondly  boasted.  On  the  contrary,  we  find  that  side  by  side 
with  a  small  percentage  of  increase  in  the  volume  of  our  own  trade,  there 
has  been  a  huge  increase  in  that  of  Germany  and  other  foreign  countries. 

It  was  fatuous  to  suppose  that  we  should  remain  for  any  great  length 
of  time,  either  the  carriers  for  Continental  Europe  or  the  workshop  of  the 
world.  It  was  as  certain  as  the  revolving  of  the  earth,  that  as  soon  as  our 
industrial  secrets  had  been  wrung  from  us,  and  our  commercial  methods 
had  been  mastered  by  our  neighbours,  many  of  the  nations  would 
carry  and  manufacture  for  themselves.  But  while  this  is  so  as  to  certain 
nations'  own  requirements,  it  does  not  explain  why  we  should  have  failed 
to  hold  our  own  position  in  the  neutral  markets,  nor  does  it  account  for 
the  great  foreign  invasion  into  our  home  markets.  What,  then,  is  the 
explanation  ?  It  is  doubtless  manifold.  The  writer  does  not,  however, 
think  that  it  is,  as  some  allege,  to  be  attributed  to  the  longer  hours  worked 
by  Continental  workmen,  for  he  holds  with  Lord  Macaulay  and  the  late 
Sir  Benjamin  Richardson,  that  long  hours  are  in  the  end  wasteful  and 
costly,  because  they  tend  to  an  enormous  diminution  in  the  productive 
capacity  of  labour,  out  of  all  proportion  to  the  extra  hours  worked. 
He  feels  confident  that  Lord  Brassey  was  right  in  the  deductions  which 
he  had  drawn  from  a  world-wide  knowledge  of  definite  experiments  that 
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low  wages  were  not  economical,  because  wages  approximate  to  the  standard 
of  living  and  the  productive  capacity  of  labour  decreases  in  a  greater 
proportion  with  the  decrease  in  the  standard  of  living.  This  view  is 
also  supported  by  Mr.  Mulhall,  the  great  statistical  authority,  who  points 
out  in  his  History  of  Prices  that  while  British  wages  generally  are  80 
per  cent,  higher,  the  cost  of  productive  power  is  37  per  cent,  less  than 
the  average  of  the  Continent.  Any  large  attempt,  even  if  it  could 
succeed,  which  he  doubted,  to  recoup  our  lost  trade  by  lower  wages 
and  longer  hours  of.  work  would  therefore,  he  believed,  be  futile.  An 
important  factor  at  present,  but  one  which  he  thought  could  only  be  of 
an  ephemeral  character,  is  the  granting  by  the  different  Governments  of 
bounties  upon  exported  goods. 

A  second  factor  of  much  the  same  kind,  and  of  which  there  are  not 
signs  wanting  that  the  people  are  growing  tired  in  several  countries  where 
bounties  are  paid,  is  the  policy  of  selling  goods  for  export  at  a  distinct 
loss,  and  recouping  one's  self  by  an  increase  of  charge  to  the  home- 
consumer.     But  so  far  as  this  applies  to  our  chief  competitor,  Germany, 
do  not  let  us  be  too  sanguine.     The  Germans  are  animated  by  a  great 
and  admirable  national  spirit,  by  a  supreme  passion  for  associated  effort, 
and  this  may  permit  them  to  prolong  what  strike  us  as  anomalies,  and  to 
suffer  individually,  that  their  nation  may  industrially  and  commercially 
take  the  first  place  in  the  world.     Remember,  this  potent  spirit,  guided 
by  a  splendid  intellectual  enlightenment,  has  induced  them  to  build  up  a 
great  system  of  technical  education,   and  has  caused  them  to  send 
hundreds  of  skilled  industrial  and  commercial  agents  into  every  part  of 
the  globe  to  learn  all  that  will  enable  them  as  a  nation  to  supply  the 
wants  of   the   world.      But   for   present   purposes  there   are   only  two 
special  embodiments  of  this  spirit  of  associated  effort  to  which  the  writer 
desires  to  direct  attention.     (1)  The  Germans  have  with  great  foresight 
declined  to  allow  their  mineral  resources  to  remain  in  the  hands  of 
irresponsible  individuals  that  they  might  cripple  industry ;  and  (2)  they 
have  nationalized  practically  the  whole  of  their  railways,  and  run  them, 
not  as  great  taxing-machines,  but  for  the  development  and  sustenance  of 
their  industry  and  commerce. 

We  now  come  to  the  immediate  purpose  of  this  paper — the  discussion 
of  railways  and  their  relation  to  the  coal  trade.  The  writer  will  first 
examine  to  what  extent  the  coal  trade  is  dependent  upon  the  railway 
companies.  In  1892,  according  to  the  Mineral  Statistics,  prepared  by 
the  Home  Office,  181,000,000  tons  of  coal  were  raised  in  the  United 
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Kingdom.     Of  this  total,  we  find,  if  we  apply  Mr.  Mulhall's  estimated 
proportion  for  1889,  that  about   14,000,000  tons   were   consumed   for 
colliery  purposes.     This  leaves  167,000,000  tons,  and  of  this  net  total  no 
less  than  137,000,000  tons  were  conveyed  by  the  railway  companies  and 
by  the  canal-navigations,  either  actually  or  virtually  controlled  by  them. 
That  is  to  say,  that  those  interested  in  the  coal  trade  had  to  trust  to  the 
railway  companies  for  the  conveyance  of  about  80  per  cent,  of  their  net 
produce.    What  the  amount  of  toll  levied  by  the  companies  upon  this 
coal  was  there  are,  unfortunately,  no  means  of  ascertaining,  as  no  separate 
figures  are  published.     All  we  can  do  is  to  see  the  total  charge  for  all 
minerals,  and  how  this  works  out  per  ton,  and  in  relation  to  estimated 
value.     In    1892,  the   minerals   raised   in  the   United   Kingdom   were 
290,000,000    tons ;    imported,    6,000,000  ;    total,    296,000,000.     The 
estimated  value  was  £95,000,000,  giving  an  average  value  of  6s.  5d.  per 
ton.     According  to  the  returns  of  the  railway  companies,  221,000,000 
tons  of  minerals  were  conveyed  by  rail,  at  a  total  charge  of  £18,000,000, 
or  a  tonnage  rate  of  Is.   7^d.     These  figures  show  that  a  charge  of 
25  per  cent,  for  railway  rates  is  made  on  the  selling  price  of  minerals. 
This  amount  coincides  with  the  evidence  of  Mr.  J.  S.  Jeans  (before  the 
Depression  of  Trade  Commission),  and  of  Sir  Alfred  Hickman  (before 
the  Eailway  Rates  Committee),  and  derived  by  entirely  different  means. 
This  charge,  then,  of  25  per  cent,  is  the  tribute  rendered  by  the  community 
to  the  railway  companies  upon  raw  minerals  alone. 

The  next  point  is  to  ascertain  how  British  railway-charges  compare 
with  those  of  Germany  and  Belgium,  where  the  railways  are  chiefly  held 
in  the  hands  of  the  State. 

Table  I.  shows  the  comparative  coal  rates  charged  in  this  country 
side  by  side  with  the  charges  for  equal  distances  in  the  two  countries 
named,  which  was  presented  by  the  British  Iron  Trades  Association  to  the 
Commission  on  Trade  Depression  in  1886. 

Table  II.  is  extracted  from  an  analysis  prepared  by  Sir  Bernhard 
Samuelson  for  presentation  to  the  Chambers  of  Commerce  a  few  years  ago. 

The  British  Iron  and  Steel  Trades  deputation  who  visited  Germany 
and  Belgium  reported  in  1896  as  follows  : — 

One  of  the  largest  works  in  Germany,  situated  more  than  150  miles  from  a 
shipping  port,  could  reach  Antwerp  by  railway  for  3^  marks,  or  3s.  6d.  per  ton 
of  finished  iron  or  steel.  Similar  produce  transported  from  works  in  the  Midlands 
to  London  or  Liverpool  is  charged  about  three  times  as  much  by  the  English 
railway  companies  for  similar  distances 

So  far  as  Belgium  is  concerned,  it  may  be  sufficient  to  state  that  the  works  of 


378 


RAILWAYS  AND  THEIR  RELATION  TO  THE  COAL  TRADE. 


Table  I.— Railway  Charges  from  Ebbw  Vale. 


Talybont 

Talyllyn 

Brecon  ... 

Netherton 

Park  Head 

Woodhouse 

Round  Oak 

Kingswinford  . 

Brettel  Lane 

Corbyn  Hall 

Stourbridge 

Cradley  ... 

Lye 

Worcester 

Bushey  ... 

Berkhampstead 

Dunstable 

Bletchley 

Banbury 


British. 

Per  Ton 

s.    d. 

3 

0 

3 

4 

3 

9 

5 

11 

5 

11 

6 

11 

6 

1 

6 

1 

6 

0 

6 

0 

6 

0 

6 

0 

6 

0 

6 

0 

10 

9 

9 

6 

10 

5 

9 

3 

8 

9 

German. 

Per  Ton. 

s.    d. 

Belgian. 

Per  Ton 

s.    d. 

1    7 

1    11 

1  10 

2     1 

2     0 

2     3 

4     4 

3  11 

4     4 

3  11 

7  11 

5    3 

4    8 

4     1 

4    8 

4     1 

4    8 

4     1 

4    4 

3  11 

4    8 

4     1 

4    8 

4     1 

4    8 

4     1 

3  11 

3     9 

9     6 

6     0 

6  10 

4  10 

8  10 

5    7 

6    5 

4     8 

5  11 

4     6 

Table  II. — Railway  Charges  from  Bestwood. 


Boston — 

Home  . . 

Export 
Lynn  — 

Home  .. 

Export 
Sleaford  .. 
Grantham 
London 


British. 

Per  Ton 

per  Mile. 

d. 


1-21 

0  63 


German. 

Per  Ton 

per  Mile. 

d. 


0-G9 


079         ...        0-59 
0-50  ..  * 

1-50  0-77 

1-51         ...        0-89 
0-52         ...         0-52 
No  Germau  port  so  near  collieries. 


Belgian. 

Per  Ton 

per  Mile. 

d. 


0-75 
0-34 

0-59 
0-31 
0-87 
0-96 
0,36 


Couillet  can  transport  their  finished  iron  and  steel  to  Antwerp— a  distance  of  70 
miles  —for  3s.,  or  an  average  of  0  51d.  per  ton  per  mile.  As  against  this  low 
export  rate,  compare  the  following  rates  for  export  from  Staffordshire  : — 

Table  III. — Railway  Rates  from  Staffordshire. 


Parcels  of  4  to  10  Tons. 


Parcels  of  10  Tons  and  Upwards. 


To 

Distance. 

Miles. 

Rate 

per  Ton. 

s.    d. 

Rate  per  Ton 

per  Mile. 

d. 

Rate 

per  Ton. 

s.    d. 

Rate  per  Ton 

per  Mile. 

d. 

Bristol 

94        . . 

8     4 

...       1-06 

8      4 

...       1-06 

Fleetwood    . 

..     126 

14     2 

1-35 

14      2 

...       1-35 

Gloucester 

..       56^     .. 

6     8 

...       1-415 

6     8 

1-415 

Hull  ... 

..     134 

14    4 

...       1-283       " 

12    6 

...       1119 

Liverpool 

97^     .. 

10     0 

...       1-230 

10    0 

...       1230 

London 

..     113      .. 

15    0 

...       1-502      .. 

12    6 

...       1-327 

RAILWAYS  AND  THEIR  RELATION  TO  THE  COAL  TRADE. 


379 


The  difference  here  is  most  marked.  It  will  be  observed  that,  if  we  take  the 
cost  of  transport  from  the  Staffordshire  district  to  London,  an  average  distance  of 
113  miles,  the  ton-mile  rate  for  4  to  10  tons  parcels  is  l-50'2d.,  or  about  three  times 
the  average  ton-mile  rates  of  Belgium  and  Germany  for  export  trade. 

Mr.  J.  S.  Jeans,  secretary  of  the  British  Iron  Trade  Association, 
stated  that  the  average  British  rates  were  for : — 


58  per  cent,  higher  than  France. 


Iron  ore 


Pig-iron,  works  to  ports... 


Works  to  inland  markets 
Finished    iron   and   steel, 
works  to  ports  ... 


To  inland  markets 


The  Mining  Association  of  Great  Britain  stated  that  : — 

The  heavy  trades  of  coal  and  iron  are  also  unduly  burdened  by  the  high  rates 
and  tolls  charged  by  the  railway  companies  of  the  kingdom  ;  the  rates  in  question 
are  much  higher  than  those  charged  in  other  countries,  notably  higher  than  in  the 
United  States  of  America  and  the  Continent  of  Europe,  and  in  some  instances 
{e.g.,  the  rate  to  London)  the  charges  were  raised  in  1873  on  the  specific  ground 
that  coal  and  iron  were  so  dear.  They  have  not  been  reduced,  though,  as  every-, 
one  knows,  the  prices  of  iron  have  fallen  to  a  figure  before  unknown,  and  the 
prices  of  coal  are  lower,  relatively  to  the  cost  of  production,  than  at  any  previous 
time.  The  railway  companies  are  slowly  but  surely  killing  the  trade  of  this 
country  by  their  high  charges,  and  by  the  preference  given  to  foreign  competitors. 


87 

,,            Germany. 

87 

, ,            Luxemburg. 

82 

,,            general   average   of 

foreign  countries. 

40 

,,            France. 

43 

,,            Germany. 

102 

,,            Belgium. 

68 

,,            France. 

79 

,,            France. 

96 

, ,            Germany. 

23 

, ,            Belgium. 

120 

, ,            France. 

115 

, ,            Germany. 

30 

, ,            Belgium. 

The  writer  will  now  proceed  to  discuss  the  question  of  rail  way- transit 
from  the  standpoint  of  the  prospective  exhaustion  of  our  coal-supply. 
He  does  so  with  a  great  deal  of  timidity.  In  the  first  place,  he  knows 
little  about  the  subject  of  mining,  and,  in  the  second  place,  even  if  he 
did,  the  question  of  coal-exhaustion  is  so  problematical,  being  subject 
to  so  many  varying  and  almost  incalculable  factors,  that  he  hesitates 
to  treat  of  its  possible  relations  to  a  definite  and  a  pressing  problem. 
He  must,  therefore,  crave  particular  indulgence  in  this  part  of  his 
paper.  The  coal-resources  of  the  world  are  apparently  so  huge  and  so 
incalculable  that,  if  we  had  reached  that  desirable  stage  of  the  "  brother- 
hood of  man,  the  federation  of  the  world,"  as  would  enable  us  to  treat  of 
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the  world  as  a  single  unit,  we  might  very  easily  afford  to  dismiss  the 
subject  of  possible  exhaustion  as  perfectly  futile.  But,  unfortunately, 
we  cannot  do  so.  We  have  to  remember  that  each  nation  constitutes  a 
unit,  and  that  between  them  there  is  the  keenest  rivalry  and  the  most 
strenuous  competition.  As  an  eminent  writer  has  rightly  said,  "  we  can 
never  hope  to  feed  our  furnaces  and  work  our  looms  by  the  aid  of  fuel 
from  other  parts  of  the  world."  Consequently,  we  are  compelled  to  look 
at  the  prospects  of  our  own  coal-supply  in  relation  to  those  of  other 
nations.     What  are  the  facts  ? 

There  have  been  three  notable  estimates  of  the  available  coal-supply. 
Prof.  Hull  estimated  it  in  1860  at  about  70,000,000,000  tons,  but  that 
quantity  was  a  net  supply  after  (1)  making  deductions  for  waste,  and 
(2)  not  including  seams  less  than  24  inches  in  thickness,  nor,  as  he  said 
(3),  "  those  supplies  under  certain  districts  overspread  by  formations 
newer  than  the  Carboniferous."  The  Coal  Commission  of  1865  estimated 
the  gross  available  supply,  including  the  last  two  classes  omitted  by 
Prof.  Hull.  Their  estimate  placed  the  supply  at  146,000,000,000  tons, 
calculated  as  follows  : — 

Available  within  a  Non-available,  Depths 

Depth  of  4,000  Feet.  exceeding  4,000  Feet. 

Tons.  Tons. 

Exposed  coal-fields  ...     90,206,2-10,387     7,320,840,722 

Unexposed 56,248,000,000     41,144,300,400 

Mr.  Mulhall,  who  appears  to  have  ignored  the  prospective  capacity  of 
the  unexposed  beds,  estimates  the  available  supply  at  90,000,000,000 
tons.  There  seems  to  be  little  or  no  difference  of  opinion  among  recog- 
nized authorities  that  4,000  feet  represents  the  maximum  depth  from 
which  it  is  physically  possible  to  get  coal,  but  there  is  some  difference  as 
to  whether  it  is  reasonably  practicable  to  work  even  to  that  depth,  owing 
to  the  possible  increase  of  temperature.  The  temperature  at  a  depth  of 
4,000  feet  had  been  stated  by  Prof.  Hull  in  the  following  form  : — 

Degs.  Fahr. 
Invariable  temperature  of  surface      ...         ...         ...         ...         50  50 

Increase  due  to  depth  ...         ...         ...         ...  ..         ...        56-42 

Increase  due  to  density  of  air...         ...         ...         ...  ...         13-16 

Resulting  temperature  at  a  depth  of  4,000  feet . . .       120"0S 

Assuming,  however,  that  down  to  a  depth  of  4,000  feet,  which  is  some 

1,300  feet,  the  writer  believes,  below  the  present  deepest  coal-mine,  it  is 

physically  possible  to  mine  coal,  the  very  serious  question  of  commercial 

possibility  comes  in. 

Much  may  be  done  to  promote  economical  results  by  working  larger 

areas  of  mineral  from  the  same  twin-shafts,  by  forming  consolidated 
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companies  for  economical  drainage,  by  perfecting  machinery,  and 
organizing  labour  to  contend  with  the  growing  cost.  But  increased 
areas  and  distances  of  working,  though  comparatively  diminishing  the 
capital  expense  of  the  shafts  and  works  above  ground,  will  increase  the 
current  expenses  of  drainage,  ventilation,  and  general  maintenance. 

In  a  word,  the  law  of  diminishing  return  comes  into  active  operation 
the  deeper  you  go  in  your  mining — with  the  grave  difference  that,  not 
only  will  there  be  a  diminished  annual  return  per  expenditure  of  effort, 
but  a  final  exhaustion.     Thus  Prof.  John  Stuart  Mill  said  : — 

Mining  industry,  for  example,  usually  yields  an  increase  of  produce  at  a  more 
than  proportional  increase  of  expense.  It  does  worse,  for  even  its  customary 
annual  produce  requires  to  be  extracted  by  a  greater  expenditure  of  labour  and 
capital.  As  a  mine  does  not  reproduce  the  coal  or  ore  taken  from  it,  not  only  are 
all  mines  at  last  exhausted,  but  even  when  they  as  yet  show  no  signs  of  exhaustion, 
they  must  be  worked  at  a  continually  increasing  cost.  Shafts  must  be  sunk  deeper, 
galleries  driven  farther,  greater  power  applied  to  keep  them  clear  of  water,  the 
produce  must  be  lifted  from  a  greater  depth  or  conveyed  a  greater  distance.  The 
law  of  diminishing  return  applies,  therefore,  to  mining  in  a  still  more  unqualified 
sense  than  to  agriculture. 

Prof.  Marshall  also  said  : — 

It  is  true  that  we  find  continually  increasing  difficulty  in  obtaining  a  further 
supply  of  minerals  (except  in  so  far  as  we  obtain  increased  power  of  nature's 
stores  through  improvements  in  the  arts  of  mining  and  through  better  knowledge 
of  the  contents  of  the  earth's  crust) ;  and  there  is  no  doubt  that,  other  things 
being  equal,  the  continued  application  of  capital  and  labour  to  mines  will  result 
in  a  diminishing  yield. 

But  as  Prof.  Jevons  said  : — 

Be  the  difficulties  what  they  may,  we  should  have  ingenuity  and  energy  enough 
to  overcome  them,  were  the  question  one  of  a  simple  absolute  amount  of  difficulty. 
But  in  reality  we  must  consider  our  mines  not  by  themselves,  but  in  comparison 
with  those  of  other  countries. 

Mr.  Mulhall  made  the  following  estimate  for  1889  of  the  estimated 
available  supply  and  annual  production  and  consumption  of  coal : — 


Production. 
Tons. 

Consumption. 
Tons. 

Estimated  Supply. 
Area. 
Square  Miles.                  Tons. 

Great  Britain 

177,000,000 

148,000,000 

9,000 

90,000,000,000 

France      

24,600,000 

34,600,000 

1,800 

— 

Germany  ... 

84,900,000 

75,000,000 

— 

100,000,000,000 

United   States    of 

America 

142,000,000 

143,000,000 

94,000 

— 

Belgium   ... 

19,800,000 

14,300,000 

1,400 

— 

Thus,  we  find,  if  the  present  rate  of  consumption  is  maintained,  that 
both  the  United  States  of  America  and  Germany,  our  chief  competitors, 
have  a  much  longer  supply  than  we  possess.     But  how  far  the  actual 
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and  the  relative  rate  of  consumption  may  increase  or  decrease  in  these 
different  countries  it  is  impossible  for  us  to  tell.  All  we  can  do  is  to 
measure  possibilities  by  the  present  rate  of  consumption.  Taking  Great 
Britain  alone,  Prof.  Jevons  had  made  the  calculation  that  we  had  an  avail- 
able supply  for  about  100  years  only.  This  calculation,  made  in  1866,  was 
based  upon  the  assumption  that  the  average  rate  of  increase  in  con- 
sumption would  be  3|  per  cent,  per  year.  The  excellent  chart  in  the 
Mineral  Statistics,  1895,  shows  that  this  assumption  agrees  with  the 
actual  increase  up  to  1875,  but  since  that  year  the  actual  increase  has 
fallen  short  of  Prof.  Jevons'  calculation.  The  difference  for  1895 
amounts  to  80,000,000  tons,  so  that  the  date  of  final  exhaustion  is  happily 
less  imminent  than  we  had  been  led  to  expect. 

An  important  question  is  that  of  the  relative  cost  of  mining  in 
different  countries,  but  unfortunately  the  writer  has  not  been  able  to 
obtain  any  figures  upon  the  subject.  It  is  quite  obvious,  however,  from 
Mr.  Mulhall's  statistics,  that  in  the  primary  cost  of  fuel  we  are  at  a  great 
disadvantage  as  compared  with  Germany.  Prof.  Mulhall's  table  of  pit- 
mouth  prices  is  as  follows  :- 


Pence 

per  Ton. 

Period. 

Great 

Britain. 

France. 

Belgium. 

Austria. 

United  States 
Germany,    of  America. 

1871-75 

87 

190 

168 

78 

108            114 

1876-80      . 

88 

120 

102 

66 

66              80 

1881-85 

72 

108 

90 

GO 

63            100 

And  this  grave  disadvantage  is  likely  to  increase  the  deeper  we  go 

for  our  coal.     Again  quoting  Prof.  Jevons  : — 

When  the  general  depth  of  coal-workings  has  increased  to  2,000  feet,  little  or 
no  coal  will  be  sold  for  less  than  10s.  per  ton.  Our  iron  and  general  manufactxuing 
industries  will  have  to  contend  with  a  nearly  double  cost  of  fuel.  And  when  with 
the  growth  of  our  trade  and  the  course  of  time,  our  mines  inevitably  reach  a  depth 
of  3,000  or  4,000  feet,  the  increasing  cost  of  fuel  will  be  an  incalculable  obstacle 
to  our  further  progress. 

The  optimists  may  of  course  say  that  we  can  find  a  compensation  in 

the  development  of  other  motive  power,  but  the  writer  thinks  that  there 

is  little  consolation  to  be  derived  in  this  reflection,  when  such  alternative 

power,  being  open  to  the  world,  will  give  us  no  relative  advantage. 

•    Prof.  Jevons  also  said: — 

For  let  us  remember  that  we  are  dependent  on  the  comparative  cheapness  of 
fuel  and  motive  power.  Now,  comparative  cheapness  of  fuel  cannot  be  procured 
or  retained  by  inventions  and  modes  of  economy  which  are  as  open  to  our  com- 
mercial competitors  as  to  ourselves,  which  have  in  many  cases  been  introduced  by 
them,  and  are  more  readily  adopted  by  versatile  foreigners  than  by  English 
manufacturers  bound  by  custom  and  routine.  Even  our  superior  capital  will  not 
avail  us  against  dear  fuel,  because  nothing  more  readily  flows  abroad  in  search  of 
profitable  employment  than  capital. 
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To  summarize,  then,  we  find  that  our  coal-supply  is  nearly  certain  to 
give  out  before  that  of  our  chief  competitors,  but  that  long  before  the 
period  of  final  exhaustion  has  been  reached,  the  cost  of  mining  will  have 
become  much  higher  than  in  the  case  of  competing  nations.  Now,  under 
these  circumstances,  the  problem  that  we  shall  have  to  set  ourselves  to 
solve  will  be  this  :  concurrently  with  the  necessary  increase  in  the  cost  of 
mining,  can  we  recoup  sufficient  from  unnecessary  margins  of  expenditure 
to  allow  coal  to  be  supplied  at  a  price  which  will  enable  us  as  a  nation  to 
hold  our  own  against  foreign  competitors  ?  If  we  cannot,  then  our 
supremacy  is  doomed.  There  is  a  considerable  margin  to  be  secured  as 
a  nation  by  putting  railway  rates  upon  a  just  basis  from  the  national 
standpoint,  so  that  the  extra  cost  of  mining  may  be  largely  compensated 
by  the  much  cheaper  cost  of  carriage. 

This,  then,  brings  the  writer  to  the  final  question  :  Are  we  likely  to 
get  this  satisfactory  rearrangement  of  rates  out  of  the  present  railway 
companies  ?  For  sixty  years,  there  has  been  a  fight  between  the  traders 
and  the  railway  monopolists,  and  the  traders  have  been  worsted  con- 
tinually. Since  1838,  nine  Royal  Commissions  or  Select  Committees 
have  sat  to  revise  railway  rates,  and  yet  to-day  relatively  the  position  is 
worse  than  ever.  The  writer  believes  that  the  remedy  is  to  be  found  in 
nationalization  of  the  railways,  for  he  holds  with  Prof.  Mill  that : — 

The  charge  made  for  services  which  cannot  be  dispensed  with  is  in  substance 

quite  as  much  compulsory  taxation  as  if  imposed  by  law A  road,  a 

canal,  or  a  railway,  these  are  always  in  a  great  degree  practical  monopolies,  and 
a  government  which  concedes  such  a  monopoly  unreservedly  to  a  private  company 
does  much  the  same  thing  as  if  it  allowed  an  individual  or  an  association  to  levy 
any  tax  they  chose,  for  their  own  benefit,  on  all  the  malt  produced  in  the  country, 
or  on  all  the  cotton  imported  into  it. 

In  advocating  the  nationalization  of  railways,  the  writer  only  does  so 
after  the  most  careful  enquiry  into  the  subject.  He  finds  that  there  are 
wastes  incident  to  our  system  ;  and  we  have  all  the  disadvantages  of 
competition  without  any  of  its  advantages.  The  railways  of  the  country 
are.  one  combination,  and  in  rates  and  facilities  there  is  no  competition. 
The  definite  waste  of  the  system  has  been  estimated  at  more  than 
£10,000,000  a  year.  This  estimate  takes  no  account  of  many  possible 
economies  that  might  be  effected  under  single  management.  Then  it  is 
found  that  foreign  goods  are  now  carried  invariably  at  a  cheaper  rate 
than  British-made,  because  it  is  urged  that,  if  they  were  not,  they  might 
be  carried  by  ships  and  over  other  routes. 
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On  the  other  hand,  the  writer  finds  that  the  acquisition  by  the  state  of 
the  railways  has  been  attended  by  improved  services,  cheaper  rates,  and 
very  great  advantages  to  the  community.  These  advantages  are  especially 
obtained  in  Germany,  Belgium,  Austria,  Holland,  India,  and  Australia. 

And  to  prove  that  they  may  be  made  to  pay,  we  may  quote  from  a 

report  on  the  German  railways,  where,  as  the  writer  has  already  shown, 

much  cheaper  rates  prevail  than  here. 

The  immense  financial  importance  of  the  state  railways  to  the  kingdom  of 
Prussia  is  shown  by  the  figures  contained  in  the  budget  for  1896-97  just  published. 
The  gross  receipts  from  state  railways  in  Prussia,  according  to  the  budget,  is 
1,027,173,000  marks  (£50,351,617),  or  more  than  half  the  net  revenue  of  the  state 
from  all  sources,  the  latter  being  1,941,000,000  marks  (£95,147,059).  The  net 
earnings  of  the  Prussian  state  railways  after  the  payment  of  223,700,000  marks 
(£10,965,686)  interest  on  the  working-capital  and  for  sinking-fund  is  214,500,000 
marks  (£10,514,705),  which  will  be  turned  into  the  treasury  for  the  use  of  the 
state.  This  sum  is  46  per  cent,  of  the  net  receipts  of  Prussia,  and  larger  than  the 
income  derived  from  taxes  of  all  kinds,  which  is  181,300,000  marks  (£8,887,255), 
only  39  per  cent,  of  the  total  state  revenues. 

With  regard  to  the  financial  aspects  of  acquisition  there  is  an  act  of 
parliament,  introduced  by  Mr.  W.  E.  Gladstone,  and  passed  in  1844,  by 
which  the  terms  are  more  or  less  defined  for  us.  This  act,  which  is 
usually  spoken  of  as  the  "  Cheap  Trains  Act,"  provides  that  the  govern- 
ment can  "  at  any  time  after  the  expiration  of  the  said  21  years  from  1844, 
purchase  any  such  railway,  with  all  its  hereditaments,  stock  and  appur- 
tenances, in  the  name  and  on  behalf  of  Her  Majesty,  upon  giving  to  the 
said  company  three  calendar  months'  notice  in  writing  of  their  intention, 
and  upon  payment  of  a  sum  equal  to  25  years'  purchase  of  the  said 
annual  divisible  profits,  estimated  on  the  average  of  the  three  then  next 
preceding  years."  We  may  see  at  a  glance  approximately  what  this 
would  mean.  Roughly  speaking,  the  profits  upon  our  railways  are  4  per 
cent.,  yielding,  in  1895,  £39,000,000.  This  amount,  at  25  years'  pur- 
chase, shows  that  £975,000,000  will  be  the  cost  of  acquisition.  But 
while  the  railways  yield  4  per  cent,  profit,  it  is  not  too  sanguine  an 
estimate  to  say  that  the  government  will  not  need  to  pay  more  than 
2^  per  cent.  This  diminished  interest  shows  that  an  annual  payment 
of  £23,000,000  will  be  sufficient,  as  against  the  present  profits  of 
£39,000,000,  resulting  in  a  clear  profit  of  £10,000,000  per  annum  on 
the  present  basis,  and  without  allowing  for  any  economies  resulting  from 
single  management  and  the  prevention  of  wastages  under  the  present 
system.  These  wastages  have  been  placed  by  an  eminent  authority 
at  a  minimum  of  £10,000,000  a  year,  which,  added  to  the  profit  of 


DISCUSSION— SECONDARY  HAULAGE.  385 

£16,000,000,  after  paying  interest,  leaves  a  sum  of  about  £26,000,000, 
or  say  only  £20,000,000  per  annum.  But  let  us  glance  a  little  further  : 
the  receipts  from  passenger  traffic  amount  to  £36,500,000,  goods 
traffic,  £43,500,000,  the  total  traffic  being  £80,000,000.  Consequently, 
if  no  immediate  provision  were  made  for  redemption  of  the  purchase 
money,  the  saving  of  £20,000,000  per  annum  would  admit  of  goods 
rates  being  reduced  by  45  per  cent.  Presumably,  however,  the  weight  of 
judgment,  as  well  as  the  sense  of  fairness,  would  lean  to  dividing  this 
surplus  equally  between  the  goods  and  passenger  customers  and  the 
employes,  and  some  provision  towards  redemption,  remembering  always, 
however,  that  up  to  a  point  the  cheapening  of  goods  rates  and  passenger 
fares  will  tend  to  the  increase  of  traffic  in  a  degree  that  cannot  be  calcu- 
lated. As  to  the  method  of  purchase,  the  plan  adopted  in  Germany  seems 
the  wisest  and  best,  in  which  the  substitution  of  state  scrip  obviated  the 
need  of  the  government  raising  the  purchase  money. 

So  convinced  is  the  writer  of  the  enormous  possibilities  of  common 
good  attending  the  nationalization  of  our  railway  system,  that,  in  con- 
clusion, he  would  fain  express  the  hope  that  The  Federated  Institution  of 
Mining  Engineers  may  do  something  to  help  it  forward. 


The  President  proposed  a  vote  of  thanks  to  Mr.  Edwards  for  his 
paper  and  it  was  agreed  to. 

The  President  proposed  that  a  vote  of  thanks  be  accorded  to  Prof. 
Boyd-Dawkins  for  the  papers  which  he  had  prepared  on  the  "  Dover 
Boring  "  and  the  "  Salt-field. of  the  Isle  of  Man,"  and  which  he  had  pro- 
posed to  deliver  that  morning  at  Owens  College. 

The  motion  was  agreed  to. 


DISCUSSION  ON  MR.  W.  GALLOWAY'S  PAPER  ON 
"SECONDARY  HAULAGE."* 

Mr.  H.  F.  Bulman  (Byermoor)  wrote  that,  in  comparing  different 
systems  of  secondary  haulage,  the  number  and  position  of  the  working- 
places  relatively  to  the  collecting-siding,  and  the  output  from  each  work- 
ing-place, were  matters  that  required  attention.  It  would  add  interest 
to  Mr.  Galloway's  paper  if  he  would  describe  the  situation  at  Llanbradach 
colliery  in  these  respects. 

*  Trans,  Fed.  Inst.,  vol.  xii.,  page  257. 
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The  accompanying  sketch  (Fig.  1)  showed  the  present  position 
of  the  working-places,  with  the  roads  from  them  to  the  collecting- 
siding,  in  a  district  of  pillar-working  on  the  bord-and-pillar  system  at 
a  Durham  colliery,  where  the  tubs  were  conveyed  between  the  working- 
places  and  the  collecting-siding  by  boys  driving  ponies,  and  it  might 
be  taken  as  a  typical  example.  Each  working-place,  occupied  by  one 
hewer  at  a  time,  was  denoted  by  a  number.  On  an  average  28  tubs, 
containing  about  8  cwts.  each  of  coal,  were  filled  in  each  working-place 
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Fig.  1.— Sketch  shewing  Working-places  and  the  Collecting-siding  in  Pillar-workings 
with  PoNY-ruTTiNG.    Scale,  3  Chains  to  1  Inch. 

and  conveyed  to  the  collecting-siding  in  each  day  of  ten  hours'  work. 
Five  putters  with  five  ponies  were  employed,  and,  allowing  for  time  spent 
in  walking  from  and  to  the  shaft,  and  time  for  food,  the  time  devoted  to 
the  work  was  not  more  than  Sh  hours.  Considering  the  number  of 
branches,  and  the  number  of  right-angled  turns  which  the  tubs  had  to 
pass,  and  the  necessarily,  in  many  cases,  rough  condition  of  the  road  owing 
to  natural  unevenness  in  the  floor,  and  sometimes,  in  pillar-working,  to  the 
heaving  of  the  floor  where  the  strata  below  the  seam  were  soft  and  wet, 
mechanical  rope-haulage  did  not  seem  to  be  well  suited  to  such  circum- 
stances. Pony-putting,  in  comparison  with  mechanical  haulage,  had  the 
advantage  of  being  more  readily  adaptable  to  varying  circumstances. 
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The  output  from  each  place  varied  from  day  to  day,  and  the  tubs  must 
be  removed  as  quickly  as  they  were  filled  by  the  hewers  or  their  work 
was  impeded.  A  putter  should  go  at  once  where  he  was  wanted,  and  no 
precise  order  in  the  removal  of  the  tubs  could  well  be  carried  out. 

In  this  instance,  the  boys  were  paid  ll^d.  a  score  (20)  of  tubs  plus 
the  current  percentage  (15  per  cent).  The  average  distance  was  195 
yards.  In  one  fortnight  2,444  tubs  of  coal,  containing  an  average  weight 
of  8  cwts.  0  qrs.  7  lbs.  each,  equal  to  985  tons,  and  458  tubs  of  fire- 
clay containing  an  average  weight  of  10  cwts.  0  qrs.  18  lbs.  each,  equal  to 
233  tons  were  thus  conveyed,  and  the  wages  paid  to  the  5  putters 
amounted  to  £6  19s.  2d.,  or  adding  15  per  cent.,  £1  0s.  10d.,  a  total 
of  £8. 

Ponies  and  horses  being  usually  kept  together  at  collieries,  it  was 
difficult  to  obtain  exact  figures  for  the  cost  of  ponies  alone.  But  if  three 
ponies  below  12  hands  in  height,  such  as  were  commonly  used  for  pony- 
putting,  were  equivalent  in  cost  of  keep  to  two  horses  averaging  15| 
hands  high,  actual  figures  taken  over  four  years  on  a  stable  of  25  ponies 
and  22  horses  give  the  average  cost  as  9s.  4d.  per  pony  per  week,  includ- 
ing food,  attendance,  saddlery,  and  shoeing.  The  cost  of  five  ponies  for 
a  fortnight  would  thus  be  £4  1 3s.  4d. 

The  cost,  therefore,  for  1,218  tons  led  over  an  average  distance  of  195 
yards  was — 

Pony-putters'  wages  ...         ...         £800  or  1  576d.  per  ton. 

Cost  of  ponies,  etc 4  13    4   „  0919d.       „ 


Totals  £12  13    4  „  2-495d.       „ 

Similar  costs  taken  over  nine  similar  districts  during  a  period  of  three 
months,  the  distances  varying  from  130  to  280  yards  for  a  quantity  of 
29,337  tons,  gave  almost  the  same  result,  viz.  : 

Putters  wages'        £179  16    3  or  1 -471d.  per  ton. 

Cost  of  ponies,  etc.  ...  123  16    0  ,,   1012d. 


Totals  £303  12    3  ,,  2"483d.       ,, 

It  seemed,  therefore,  that  2|d.  a  ton,  including  Id.  a  ton  for  the  cost  of 
ponies,  might  be  considered  as  the  normal  cost  of  pony-putting. 

Expanding  this  to  the  ton-mile  standard,  and  comparing  it  with 
Mr.  Galloway's  figures,  there  was  no  doubt  that  Mr.  Galloway's  costs 
showed  a  considerable  economy  in  favour  of  mechanical  haulage  as 
adopted  at  Llanbradach  colliery.  Whether  this  system  could  be  adapted 
to  the  bord-and-pillar  method  of  working  as  carried  out  in  Durham  and 
Northumberland,  to  convey  the  tubs  between  the  working-places  and  the 
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collecting-siding,  in  as  efficient  a  manner  as  was  now  done  by  pony- 
putting,  was  very  doubtful,  and  it  might  be  an  additional  reason  for 
adopting  the  longwall  or  double-stall  methods  of  working. 

On  the  authority  of  Mr.  Ernest  Boissier,  Mr.  Galloway  took  five  years 
as  the  average  life  of  a  horse  employed  underground,  but  the  experience  of 
the  writer  in  Durham  and  Northumberland  led  him  to  put  it  at  about 
double  this  period,  or  say  ten  years.  There  were  ponies  still  at  work 
which  had  been  working  regularly  underground  for  twenty  years.  Much 
no  doubt  depended  on  the  conditions  under  which  they  worked,  and  on 
the  care  and  attention  bestowed  on  them. 

Mr.  Geokge  J.  Binns  (Netherseal)  wrote  that  the  system  of  haulage 
which  was  termed  by  Mr.  Galloway  secondary,  but  to  which  he  thought 
the  term  auxiliary  should  preferably  be  applied,  was  one  which  had 
engaged  his  attention  for  some  years,  and  it  was  only  in  old  roads  where, 
owing  to  long  existing  conditions,  mechanical  means  could  not  be  adopted, 
and  in  new  workings  where  various  causes  had  prevented  its  application, 
that  horse-power  was  now  used.  Ropes  were  run  along  the  coal-face  and 
down  old  gates  where  stowage  room  existed,  perhaps  in  the  latter  case 
only  a  dozen  or  twenty  trams  a  week  being  dealt  with ;  empties  were 
drawn,  for  the  supply  of  a  haulage-plane,  from  a  point  to  which  they  ran 
by  gravity ;  stone-heads  were  kept  clear  of  dirt  by  means  of  small  engines 
which  ran  the  tub  into  the  face,  and  each  of  these,  under  the  recent 
definition  of  the  Home  Secretary,  now  became  a  "main  haulage-road." 
It  was  true  that  at  the  coal-face  the  removal  of  the  rails  by  only  one 
"  web  "  of  coal  changed  the  character  of  the  road,  and  it  ceased  to  come 
within  that  all-embracing  definition,  but  in  the  other  cases  this  character 
must  remain  for  ever  unchanged,  and  even  the  substitution  of  horse- 
haulage,  with  all  its  attendant  dust  and  danger,  could  never  remove  from 
a  place  where  a  rope  had  once  run,  its  disabilities  under  the  recent  order. 
It  might  be  in  one  case  that  the  tub  was  hauled  singly,  on  a  wet  floor,  at 
a  speed  not  exceeding  2  or  3  miles  an  hour,  with  the  very  best  modern 
appliances  ;  and  that  in  the  other,  many  horses,  each  with  a  train  of  20 
trams  in  either  direction,  were  succeeding  each  other  at  short  intervals  on 
a  level  (which  need  not  be  a  "main  intake")  covered  with  dust  and 
foecal  matter  :  one  was  a  "  main  haulage-road  "  and  must  for  ever  remain 
so,  and  the  other  was  not.  This  definition  had  a  most  important  bearing 
on  the  system  described  by  Mr.  Galloway,  as  the  adoption  of  a  safe, 
reliable,  and  modern  method  of  transport  imposed  restrictions  upon  a 
mine  which  were  not  shared  by  less  enterprising  (or  it  might  be  differently 
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circumstanced)  owners,  restrictions  which  were  at  the  present  moment 
absolutely  insuperable. 

He  (Mr.  Binns)  agreed  cordially  with  Mr.  Galloway  as  to  the  great 
advantages  of  mechanical  auxiliary  haulage,  and  especially  with  the 
opinion  expressed  as  to  the  advisability  of  employing  compressed  air.* 
There  were,  however,  some  details  in  connexion  with  the  subject  which 
were  not  dealt  with  either  in  the  original  paper  or  the  discussion,  and  he 
therefore  proposed  shortly  to  communicate  them  to  one  of  the  Federated 
Institutes. 


DISCUSSION  ON  MR.  W.  D.  WIGHT'S  PAPER  ON  "AUTO- 
MATIC VARIABLE  EXPANSION-GEAR  APPLIED  TO 
BALANCED  SLIDE-VALVE  WINDING-ENGINES."! 

Mi'.  A.  Bever  (Dewsbury)  wrote  that  the  statement  in  the  paper 
to  the  effect  that  advantages  were  possessed  by  an  ordinary  slide-valve 
over  the  Cornish  valve  in  admitting  of  the  use  of  lead  and  compression 
seemed  to  show  that  Mr.  W.  D.  Wight  was  under  the  impression  that  it 
was  impossible  to  work  Cornish  valves  with  lead  and  compression.  Mr. 
Hargreave  Walters  in  his  paper  on  "  The  Lead  and  Lap  of  Winding  and 
other  Engines,"  J  also  referred  to  the  same  subject  and  seemed  to  be  of 
the  same  opinion. 

There  was  not  the  slightest  difficulty  in  working  Cornish  or  drop 
valves  with  lead  or  compression,  and  they  could  be  made  to  cut  off  the 
steam  at  any  desirable  point  with  the  same  ease  as  a  slide-valve.  His 
firm  had  made  a  large  number  of  winding-engines,  both  with  slide-valves 
and  with  Cornish  valves,  and  they  invariably  set  the  valve-gear  so  that 
the  admission-valves  had  lead  and  the  exhaust-valves  compression.  This 
arrangement  was  of  very  great  advantage  in  easy  running,  and  also  in 
economy  of  steam,  particularly  when  running  at  a  high  speed.  The 
exhaust- valves  were  also  set  so  as  to  open  when  the  pistons  had  made  from 
90  to  95  per  cent,  of  the  stroke,  and  thus  allowed  a  considerable  portion 
of  the  exhaust-steam  to  escape  before  the  commencement  of  the  return- 
stroke  and  prevented  the  heavy  back  pressures  so  frequently  met  with  in 
winding-engines. 


*  Trans.  Fed.  Inst.,  vol.  xii.,  page  277.  +  Ibid.,  page  279. 

%  Ibid.,  vol.  xi.,  page  64. 
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DISCUSSION  ON  PEOF.  DE  LAUNAY'S  "  GEOLOGICAL  DES- 
CRIPTION OF  THE  GOLD-MINES  OF  THE  TRANS- 
VAAL," * 

Mr.  A.  R.  Sawyer  (Johannesburg)  wrote  that  Mr.  L.  de  Launay 
stated  that  Mr.  Draper  "  has  noted  below  the  gold-bearing  conglomerates, 
alternating  beds  of  quartzites  and  shales,"  etc.  The  following  appeared  in 
the  Transactions  of  the  Geological  Society  of  South  Africa.^  In  his  reply 
to  Mr.  Draper,  he  (Mr.  Sawyer)  stated  that  : — 

Mr.  Draper  mentions  the  presence  of  granite  at  Vredefort  and  at  the  Half- Way 
House.  These  are  the  only  two  points  at  which  granite,  gneissoid  granite,  or 
other  acid  igneous  rocks  have  so  far  been,  if  not  discovered,  at  all  events  described, 
to  my  knowledge.  I  wish  to  point  to  a  third  place  close  to  the  Rand,  where 
granite  and  gneiss  occur  in  abundance,  namely,  about  13  miles  due  east  of 
Heidelberg.  There,  the  mode  of  occurrence  of  the  clay-slate  series  is  exactly 
similar  to  that  north  of  the  Rand.  The  same  sharp  and  high  escarpment  of  white 
quartzite  with  a  nortb-and-south  trend,  turning  to  the  north-east  and  dipping  at 
right  angles  of  from  30  degs.  to  50  degs.  to  the  west  and  north-west.  This  thick 
bed  of  quartzite  rests  directly  upon  masses  of  gneiss  and  granite,  which  extend  for 
a  considerable  distance  eastwards,  where  they  are  lost  beneath  grits  and  breccias 
belonging  to  the  Coal-measures  of  this  countrj^,  and  lying  nearly  horizontal.  This 
is  another  proof  that  the  dolomitic  limestone  does  not  lie  beneath  the  clay-slate 
series,  at  all  events  here.  The  clay-slate  series  consists  here,  just  as  it  does  north 
of  Johannesburg,  of  alternating  beds  of  quartzites  and  slates.  Some  of  these  slates 
are  highly  ferruginous.  One  bed  in  particular  consists  of  alternate  bands  of 
magnetite  and  sugary  quartz,  presenting  most  fantastic  contortions,  and  is  probably 
the  identical  one  named  by  Mr.  Draper,  an  index  to  the  main  reef.  It  resembles 
numerous  magnetite-rocks,  which  I  have  noticed  in  Mashonaland.  This  bed  is  the 
identical  one  which  I  have  followed  from  the  Hospital  Hill  to  Krugersdorp,  past 
Hartebeestfontein  and  Blaauwbank,  where  it  disappears  beneath  the  black  reef 
and  Gatsrand  series,  with  a  south-west  trend. 

Further,  Prof,  de  Launay  stated  that  "  Mr.  Goldmann  puts  on  record 
at  Vereeniging,  30  miles  or  so  south  of  Johannesburg,  coal-beds  uncon- 
formably  overlying  the  dolomite,"  etc.  On  the  same  occasion,  he 
(Mr.  Sawyer)  made  the  following  remarks,  which  appeared  in  the 
Transactions  of  the  North  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers  : — "  I  was  fortunate  enough  to  come  across  two 
fossils  of  Lepulodemlron  and  one  of  Favularia "  in  the  coal-beds  at 
Vereeniging  in  1889,  these  I  submitted  to  Prof.  "Williamson,  who  verified 
them  as  such.| 
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DISCUSSION  ON  MR.  DONALD  M.  D.   STUART'S  PAPER  ON 
"THE  PHENOMENA  OF   COLLIERY  EXPLOSIONS."* 

Mr.  W.  C.  Blackett  (Durham)  wrote  that  he  had  read  with  some 
disappointment  Mr.  Stuart's  rejoinder  to  the  remarks  made  in  the  various 
criticisms  on  his  (Mr.  Stuart's)  interesting  paper,  because  he  had  ex- 
pected that  many  of  his  (Mr.  Blackett's)  contentions  would  have  received 
careful  consideration.  Nothing-  in  Mr.  Stuart's  rejoinder  had  contro- 
verted the  arguments  used  by  him  (Mr.  Blackett)  and  many  of  these 
were  necessarily  fatal  to  Mr.  Stuart's  theory,  and  it  would  be  tautology 
to  refer  again  to  all  the  points  raised. 

For  instance,  Mr.  Stuart  reasserted  that  "  the  absence  of  mechanical 
force  between  the  explosions  was  a  fact  of  observation."  f  Now, 
this  fact  he  (Mr.  Blackett)  again  absolutely  denied,  and  despite  Mr. 
Stuart's  claim  to  having  used  "exact  methods  of  observation  and  measure- 
ment," which  "could  not  be  questioned,"  he  (Mr.  Blackett)  after 
"equally  exhaustive  investigations,"  was  bound  to  conclude  that  Mr. 
Stuart's  methods  of  observation  had  failed  in  arriving  at  correct  deduc- 
tions, x 

Mr.  Stuart's  "  methods  of  observation  "  have  certainly  been  wanting 
in  reading  his  (Mr.  Blackett's)  portion  of  the  discussion,  or  he  would  not 
have  said  that  "  Mr.  Blackett  suggested  that  this  mutilation  [of  bodies, 
etc.]  was  produced  by  a  current  of  air  at  a  speed  of  100  miles  per  hour."§ 
What  he  (Mr.  Blackett)  had  really  said  was  that  if  a  speed  of  100  miles  per 
hour  was  "imparted  to  a  man's  body"||  it  would  account  for  such  injuries. 
Did  Mr.  Stuart  really  dispute  this  opinion  ?  Had  Mr.  Stuart  read  this 
paragraph  correctly,  all  his  erroneous  calculations  as  to  the  pressure  of 
air  would  have  been  unnecessary.  The  human  body  did  not  usually 
sustain  a  pressure  of  14*7  lbs.  on  the  square  inch,  because  it  was 
not  called  upon  to  do  so,  the  pressures  being  in  equilibrium.  For  Mr. 
Stuart  to  compare  the  effect  of  a  balanced  statical  pressure  with  an  un- 
balanced dynamical  pressure  was  something  like  trying  to  multiply  eggs 
by  pennies,  and  suggested  a  slight  relapse  from  that  laboratory-like  state 
of  precise  observation  which  Mr.  Stuart  had  pronounced  to  be  so  desir- 
able. Nevertheless,  if  Mr.  Stuart  could  peruse  the  literature  on  great 
storms  and  tornadoes,  he  would  find  what  moving  wind  could  do.     Take 
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the  cyclones  of  the  Mississippi  valley,  uprooting  from  their  path  trees  3 
or  4  feet  in  diameter,  with  houses  overturned  and  smashed  to  pieces.  Or 
take  the  storm  in  Guadaloupe  in  1828,  where  tiles  were  blown  through 
thick  doors  ;  or  that  at  Calcutta  in  1823,  where  a  piece  of  bamboo  was 
driven  through  a  wall  5  feet  in  thickness.  Let  us  even  take  Mr.  Stuart's 
figure  of  "  0'34  lb.  per  square  inch  "  *  applied  to  a  man,  whose  lateral 
area  was,  say,  7  square  feet.  The  pressure  would  equal  about  336  lbs., 
or  the  weight  of  two  12  stones  men  ;  and  this  pressure,  with  the  velocity 
involved,  so  far  as  the  "teachings  of  mechanics"  were  concerned,  was 
likely  to  do  under  certain  circumstances  all  the  injuries  to  men  ever  seen, 
and,  paraphrasing  the  late  Mr.  George  Stephenson,  it  would  be  "  very 
awkward  "  for  Mr.  Stuart  or  any  other  man  if  he  were  so  unfortunate  as 
to  encounter  such  a  kinetic  force. 


Mr.  Jeremiah  Head  (London)  moved  that  the  best  thanks  of  the 
members  be  given  to  the  committee  of  the  Midland  Institute  of  Mining 
Engineers  for  making  arrangements  for  that  meeting;  to  the  owners 
of  the  various  works  and  collieries  opened  to  the  inspection  of  the 
members;  and  to  the  Manchester  Geological  Society,  the  Manchester  Con- 
servative Club,  the  Manchester  Reform  Club,  and  the  Arts  Club. 

The  President  seconded  the  vote  which  was  carried  unanimously. 

Mr.  A.  Sopwith  (Cannock)  moved  a  vote  of  thanks  to  the  President 
for  his  services  in  the  chair,  which  was  accorded,  and  the  meeting  closed. 


The  following  notes  record  some  of  the  features  of  interest  seen  by 
visitors  to  works  and  collieries,  which  were,  by  kind  permission  of  the 
owners,  open  for  inspection  during  the  course  of  the  meeting  on  February 
17th,  18th,  and  19th,  1897  :— 
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MANCHESTER  COURIER  AND  EVENING  MAIL. 

Members  visited  the  printing'  works  of  the  Manchester  Courier  and 
Manchester  Evening  Mail,  and  were  shown  the  various  details  of  the  pro- 
duction of  the  fourth  edition  of  the  Evening  Mail,  including  the  operating 
of  the  Linotype  machine,  and  printing,  folding,  despatching,  etc.,  of  the 
papers. 


LANCASHIRE  AND  YORKSHIRE  RAILWAY  COMPANY, 
ENGINEERING  WORKS,  HORWICH. 

The  workshops  are  built  between  the  Chorley  New  Road  at  Horwich 
and  Red  Moss,  and  are  about  1  mile  distant,  in  a  northerly  direction, 
from  the  Blackrod  station,  upon  the  main  line  between  Manchester  and 
Fleetwood.  A  short  fork  line  has  been  made,  giving  direct  access  to 
and  from  Manchester  without  passing  through  the  Blackrod  station. 

The  building  of  these  works  was  commenced  in  1886.  They  were 
erected  for  the  purpose  of  repairing  and  renewing  the  whole  of  the  loco- 
motive stock,  and  carrying  out  the  mechanical  engineering  work  of  the 
railway.  The  land  enclosed  for  the  works  includes  96  acres,  and  the 
covered  area  of  workshops  is  16^  acres,  comprising  offices,  general  stores 
(with  gallery),  boiler-shop,  smithy,  forge,  foundries,  erecting  and  repair- 
ing-shops,  etc. 

There  are  6^-  miles  of  tramways  of  18  inches  gauge,  and  a  number  of 
small  locomotive  engines  are  used  for  the  carriage  of  materials  from  the 
stores,  and  of  work  to  and  from  the  various  departments  of  the  works. 


MESSRS.  W.  H.  BAILEY  &  CO.,  LIMITED,  ALBION  WORKS, 

SALFORD. 

The  members  were  shown  Davidson  direct-acting  steam-pumps  for 
pumping  under  ordinary  conditions,  boiler-feeding,  Bessemer  plant 
purposes,  cotton-pressing,  mine-pumping,  and  hydraulic  work  generally 
— from  heads  of  100  feet  to  pressures  equivalent  to  4  tons  per  square  inch. 

The  Denaby  straight-line  sinking-pump  was  also  shown.  This 
type  of  pump  was  designed  by  Messrs.  W.  H.   Bailey   &   Company, 
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Limited,  for  the  sinking  of  two  large  shafts  over  600  feet  in  depth 
by  the  Denaby  Main  Colliery  Company,  at  Cadeby,  near  Doncaster. 
The  pump  occupies  very  little  space,  and,  owing  to  its  light  weight 
and  the  Davidson  positive  valve-motion,  it  works  when  suspended  in 
chains  or  steel  ropes.  As  the  sinking  proceeds,  extra  lengths  of  pipes 
are  added  at  the  top  of  the  shaft,  and  a  telescopic  suction-pipe  enables 
the  sinking  to  proceed  for  a  depth  of  9  feet  without  necessitating  the 
lowering  of  the  pump.  It  can  be  fixed  permanently  in  the  shaft  after 
the  sinking  is  completed.  Eight  of  these  pumps  were  supplied  to  the 
Denaby  Main  colliery.*  The  aquathruster  pump  was  also  shown  ; 
it  is  an  improved  pump  of  the  pulsating  type. 

Another  speciality  was  the  water-motor  pumping-engine,  for  pumping 
against  great  heads  by  means  of  low  pressure.  Water-motors,  for  hauling 
purposes,  and  air-compressing  machinery  are  also  amongst  the  manu- 
factures of  this  firm. 

Special  departments  are  devoted  to  the  manufacture  of  various  kinds 
of  recording  apparatus,  including  mine-ventilating  recorders,  water-level 
recorders,  steam,  water,  and  blast-pressure  recorders,  speed  indicators, 
winding  indicators,  etc. 

In  the  testing-machinery  department  are  made  machines  for  testing 
iron  and  steel,  wire,  cement,  canvas,  and  materials  of  construction 
generally,  together  with  oil-testers,  etc. 


MESSRS.  ASKTON  BROTHERS  &  COMPANY,  LIMITED, 
CARRFIELD    SPINNING:   AND    WEAVING    MILLS,    HYDE. 

The  machinery  in  the  older  mills  is  driven  by  compound  engines, 
with  steam  at  a  pressure  of  80  lbs.  per  square  inch,  and  in  the  newer 
mills  by  compound  engines  of  1,000  horse-power  of  the  Corliss  type,  and 
two  sets  of  triple-expansion  horizontal  engines,  each  of  500  horse-power, 
with  steam  at  a  pressure  of  150  lbs.  per  square  inch.  Rope-driving  is 
applied  on  an  extensive  scale. 

The  steel  boilers  are  30  feet  long  by  8  feet  in  diameter,  carrying  a 
pressure  of  150  lbs.  per  square  inch.  The  newer  mills  are  lighted  by  about 
1,000  electric  incandescent  lamps.  There  are  about  120,000  spindles  for 
spinning  the  yarn  for  2,335  looms,  and  1,650  workpeople  are  employed. 
The  average  production  per  week  is  567,000  yards  of  calico,  weighing 
about  130,000  lbs.  or  58  tons. 
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HYDE  LANE  COLLIERY  CO.,  LTD.,  HYDE  COLLIERY, 
MANCHESTER. 

The  Hyde  Lane  colliery  is  situated  in  Hyde,  on  the  main  road  be- 
tween Hyde  and  Manchester,  being  about  6|  miles  from  the  latter  place. 
The  colliery,  one  of  the  oldest  in  the  district,  has  been  worked  for  a  long- 
series  of  years;  it  is  now  being-  worked  by  the  Hyde  Lane  Colliery 
Company,  Limited. 

The  colliery  consists  of  two  shafts,  the  downcast  and  winding-shaft 
being  822  feet  in  depth,  and  the  upcast  shaft  G60  feet  in  depth.  The 
shafts  were  first  sunk  to  -work  the  black  mine,  but  have  been  further 
sunk  through  the  two  feet  mine  to  the  peacock  mine. 

The  black  mine  is  the  most  valuable  coal-seam  in  the  district, 
as  it  affords  an  excellent  gas  and  house  coal ;  but  until  recently  and  for  a 
space  of  upwards  of  50  years  it  has  not  been  worked,  Messrs.  Brown  and 
Clayton  being  the  last  persons  to  work  this  mine.  It  had  then  been 
worked,  to  a  greater  or  less  extent  for  many  miles  along  the  level  and  to 
a  distance  of  1,000  feet  below  the  downcast  shaft  and  above  the  shaft  to 
the  outcrop.  These  old  workings  are  now  charged  with  water  lying 
between  the  outcrop  and  the  unworked  coal.  Since  that  time,  and  up  to 
the  present  company  commencing  operations,  the  colliery  has  successively 
been  worked  by  Messrs.  Bradbury  and  the  Hyde  and  Haughton  Colliery 
Company,  who  confined  their  attention  to  the  peacock  and  two-feet  mines, 
the  latter  company  also  working  a  small  area  of  the  third  mine. 

The  unworked  area  of  black  mine  had  previously  been  overlooked  or 
thought  to  be  so  deep  as  not  to  be  within  workable  reach.  At  all 
events  it  has  remained  for  the  present  owners,  under  the  direction  of 
Mr.  John  Higson,  mining  engineer,  of  Manchester,  to  drive  the  necessary 
tunnels  from  the  two-feet  mine  to  win  the  area  of  black  mine  remaining 
unwrought,  after  leaving  barriers  to  keep  the  water  lying  in  the  old 
workings  from  finding  its  way  into  the  newer  workings.  The  mine  dips 
at  the  rate  of  1  in  2|,  and  is  4  feet  in  thickness.  The  leaving  of  the 
barriers  has  caused  practically  the  whole  of  the  coal  now  being  worked  to 
lie  in  the  deep  of  the  main-level  tunnel.  To  overcome,  temporarily,  this 
difficulty,  a  system  of  endless-rope  haulage,  worked  by  electricity,  has  been 
erected,  and  it  is  eventually  intended  to  replace  this  system  of  hauling  by 
means  of  gravitation.  Neither  the  two-feet  nor  the  peacock  mines  are 
being  worked  at  present. 

The  black  mine  is  worked  on  the  longwall  method,  and  the  coal  is 
brought  to  the  main  engine-brow  by  the  endless-rope  haulage  before 
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mentioned.  It  is  then  hauled  up  this  engine-brow  to  the  shaft-bottom. 
The  engine-brow  consists  of  a  dip-tunnel,  driven  from  the  shaft-bottom 
to  the  two-feet  mine,  690  feet  in  length,  and  a  brow  driven  in  the 
two-feet  mine  to  the  point,  at  which  the  black  mine  is  at  present 
delivered,  known  as  the  No.  3  hooking-place,  for  a  length  of  1,050  feet. 
Just  below  the  No.  3  hooking-place,  a  dip-tunnel  dipping  1  in  6  and 
600  feet  in  length,  has  been  driven  to  the  black  mine,  and  the  brow  is 
being  continued  in  the  black  mine  in  order  to  open  a  fresh  "  rank  "  of 
coal  below  that  now  being  worked.  The  total  length  of  the  engine-brow 
is  2,910  feet,  and  the  system  of  haulage  is  direct,  there  being  two  roads 
on  which  the  tubs  are  run  in  gangs  of  13.  The  hauling-engine  is  placed 
on  the  surface. 

The  two-feet  mine,  which  at  the  outcrop  consists  of  coal,  becomes  on 
the  deep  one-half  cannel,  and  the  change  may  be  observed  in  the 
engine-brow,  which  is  driven  in  the  solid  coal.  This  seam  is  the  well- 
known  cannel  seam  of  the  Dukinfield  collieries.  In  order  to  deal  with 
the  water  which  has  found  its  way  down-brow  in  the  peacock  and  two- 
feet  mines,  and  to  prevent  it  from  entering  into  the  newly-opened  area 
of  black  mine,  a  force-pump  has  been  placed  at  the  No.  2  level  in  the 
two  feet  mine.  This  pump  can  deal  with  10,000  gallons  of  water  per 
hour  if  necessary,  and  pumps  the  water  up  a  brow  dipping  at  the  rate  of 
1  in  2 1  and  1,200  feet  in  length  to  the  shaft-bottom. 

Steam  is  supplied  by  means  of  5  Lancashire  boilers,  2  being  worked 
at  a  pressure  of  75  lbs.  per  square  inch,  and  3  at  45  lbs.  The  feed- 
water  is  heated  to  260  degs.  Fahr.,  by  means  of  a  set  of  Green 
economizers. 

The  colliery  was  at  one  time  ventilated  by  means  of  a  furnace,  but  this 
has  now  been  replaced  by  a  Schiele  fan  7  feet  in  diameter,  producing  47,000 
cubic  feet  of  air  per  minute,  the  water-gauge  being  2  inches.  The  fan- 
engine  is  worked  by  steam  at  a  pressure  of  45  lbs.  per  square  inch  at  the 
boilers.  The  cylinder  is  18  inches  in  diameter  by  2^  feet  stroke.  The 
engine  runs  at  56  revolutions  per  minute,  and  the  fan  is  driven  by  a 
strap,  from  the  fly-wheel  of  the  engine,  at  about  300  revolutions  per 
minute. 

The  Stanley  and  Davies  excelsior  dynamo  or  generator  is  capable  of 
giving  an  output  of  250  volts  and  200  amperes  at  its  normal  speed  of 
500  revolutions  per  minute.  The  dynamo  is  driven  by  an  horizontal 
engine,  having  2  cylinders,  each  14£  inches  in  diameter  by  2  feet  stroke, 
running  at  96  revolutions  per  minute.  The  connexion  between  the  fly- 
wheel of  the  engine  and  the  driving-pulley  of  the  generator  is  made 
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direct  by  a  link-leather  belt  12  inches  wide.  The  pressure  of  steam 
supplying  these  engines  is  45  lbs.  per  square  inch  at  the  boilers.  From 
the  generator  to  the  pump-motor,  which  is  fixed  down  the  pit  2,100  feet 
distant,  the  current  is  conveyed  through  a  specially  insulated  stranded 
copper  cable  having  a  carrying  capacity  of  twice  the  load.  This  cable  is 
carried  on  porcelain  insulators.  Electric  bells  and  a  telephone  connect 
the  pump  and  hauling-engine  houses  in  the  mine  with  the  surface  electric 
engine-house. 

The  winding  -  engine  has  two  horizontal  cylinders,  each  2  feet 
6  inches  in  diameter,  with  a  stroke  of  4^  feet.  The  diameter  of  the 
drums  is  15  feet.  The  winding-engine  lifts  4  tubs,  placed  on  two 
decks,  containing  32  cwts.  of  coals,  at  each  winding,  and  is  supplied 
with  steam  at  a  pressure  of  45  pounds  per  square  inch  at  the  boilers. 

The  hauling-engine  has  2  horizontal  cylinders,  each  16  inches  in 
diameter,  and  3^  feet  stroke,  running  at  a  speed  of  160  strokes  per 
minute,  and  hauls  up  the  main  engine-brow  by  means  of  best  plough-steel 
wire  ropes,  1  inch  in  diameter,  which  are  conveyed  down  the  downcast 
shaft.  By  means  of  a  pinion  placed  on  an  intermediate  shaft,  and  of  a 
spur-wheel  placed  on  the  drum-shaft,  the  engine  is  geared  to  the  load  in 
the  ratio  of  4  to  1.  The  drums  are  8  feet  in  diameter,  and  are  both 
placed  on  the  same  shaft  as  the  spur-wheel,  and  are  worked  by  means  of 
clutch  gearing.  Electric  bells  connect  the  engine-house  with  the  under- 
ground workings.  The  engine  is  supplied  with  steam  at  a  pressure  of 
75  pounds  per  square  inch  at  the  boilers. 

The  direct-acting  pump  is  placed  on  the  western  side  of  the  pit. 
The  vertical  steam  cylinder  slightly  overhangs  the  pit,  and  is  60  inches 
in  diameter,  the  length  of  stroke  of  the  engine  is  8  feet,  and  the  length 
of  stroke  of  the  pump  is  10  feet.  There  are  two  ram-pumps,  the  bottom 
one  being  12  inches  in  diameter,  and  the  top  one  15  inches  in  diameter. 
The  engine  runs  at  the  rate  of  3  strokes  per  minute,  and  the  quantity  of 
water  lifted  is  220  gallons  per  minute.  The  cylinder  is  supplied  with 
steam  at  a  pressure  of  75  pounds  per  square  inch  at  the  boilers. 

An  electrically-driven  underground  pump  is  placed  in  an  engine- 
house  off  the  No.  2  road  in  the  two  feet  mine.  The  engine-house,  50 
feet  long,  15  feet  wide,  and  10  feet  high,  is  lighted  by  electricity.  The 
motor  is  of  the  same  type  as  the  generator  at  the  surface,  and  will  yield 
40  horse-power  when  running  at  700  revolutions  per  minute.  This 
machine  drives  direct  on  to  the  pulley  or  pump-shaft  by  a  link-leather 
belt  10  inches  wide,  driving  the  rams  through  one  pair  of  spur-wheels  ; 
the   pumps   making    40    strokes   per    minute.     The   horizontal   pump, 
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having  4  single-acting  rams  8  inches  in  diameter  by  8  inches  stroke,  is 
capable  of  lifting  10,000  gallons  of  water  per  hour. 

The  motor  of  the  electric  haulage-engine  is  connected  to  the 
generator  at  the  surface  by  means  of  cables  brought  from  those  in  the 
pumping  engine-house,  and  runs  at  800  revolutions  per  minute.  The 
motor  is  placed  at  the  end  of  the  main  level-tunnel  from  the  two  feet 
mine,  in  the  black  mine,  and  is  connected  by  means  of  cotton  ropes  from 
the  driving-wheel  on  the  motor-shaft  18  inches  in  diameter  with  another 
wheel  5  feet  in  diameter.  On  the  same  shaft  as  the  5  feet  wheel  is 
placed  a  fast-and-loose  pulley,  3  feet  in  diameter  ;  this  is  connected  by 
means  of  a  leather  belt  with  another  wheel  5£  feet  in  diameter,  and  on 
the  same  shaft  is  a  pinion-wheel  10  inches  in  diameter,  which  drives  a 
spur-wheel  18  inches  in  diameter.  The  same  shaft  carrying  the  spur- 
wheel  also  carries  a  bevel- wheel  18  inches  in  diameter,  which  drives  an 
horizontal  wheel  8  feet  in  diameter,  which  in  turn  drives  the  vertical 
shaft.  On  the  vertical  shaft  are  placed  three  pulleys  which  drive  four 
roads,  one  being  a  brow  1,080  feet  in  length,  and  dipping  at  an  angle  of 
1  in  31. 


MANCHESTER  CORPORATION'S  HYDRAULIC-POWER 
STATION,  GLOUCESTER  STREET. 

The  Gloucester  Street  hydraulic-power  station  contains  six  overhead 
direct-acting  triple-expansion  engines,  the  cylinders  of  each  engine  being 
15  inches,  22  inches,  and  36  inches  in  diameter  respectively,  and  all  of 
24  inches  stroke.  The  engines  are  coupled  direct  to  three  single-acting 
ram-pumps  4^  inches  in  diameter.  The  cranks  are  set  at  120  degrees. 
Each  engine  and  pump  delivers  230  gallons  of  water  per  minute  against 
a  pressure  of  1,120  lbs.  per  square  inch,  at  a  piston  speed  of  about 
240  feet  per  minute. 

Each  engine  has  surface-condensers,  fitted  with  tubes  to  give  a  cooling 
surface  of  about  530  square  feet,  and  each  tube  is  fitted  with  a  screwed 
gland  packed  with  cotton.  The  condensers  are  arranged  so  that  the 
water  can  circulate  twice  through  the  tubes.  The  air-pump  is  15  inches 
in  diameter  by  16  inches  stroke,  and  single-acting  ;  it  is  made  of  cast-iron, 
lined  with  gun-metal,  and  fitted  with  rubber  valves.  The  circulating- 
pump  is  8  inches  in  diameter  and  16  inches  stroke,  double-acting,  and 
delivers  310  gallons  per  minute  when  the  piston  speed  is  240  feet  per 
minute. 
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The  engines  are  arranged  so  that  high -pressure  steam  can  be  admitted 
to  the  intermediate  cylinder.  The  two  accumulators  are  each  18  inches 
in  diameter,  and  have  a  vertical  stroke  of  23  feet.  The  dead-weight  is 
carried  in  a  circular  cistern,  about  11|  feet  in  diameter,  filled  with  iron- 
slag. 

The  engines  are  coupled  to  four  main  delivery-pipes  6  inches  in 
diameter.  Air-vessels  are  fitted  on  the  suction-pipes,  one  large  one  on 
the  main,  and  two  smaller  ones  close  to  the  pumps.  Air  is  pumped  into 
these  occasionally  by  a  small  portable  force-pump. 

In  the  streets,  there  are  71,280  feet  or  13^  miles  of  piping, 
including  pipes  of  3,  4,  5,  and  G  inches  in  diameter.  The  flanges  are 
oval,  the  joint  being  a  bevelled  he-and-she  joint,  securing  a  gutta-percha 
ring  (|  inch)  by  two  bolts.  The  pipes  are  laid  in  sections,  tested  to 
2,000  lbs.  per  square  inch,  and  are  so  divided  by  stop-valves  that  in  the 
event  of  a  breakage  or  bad  joint,  no  greater  length  than  600  feet  need  be 
added  by  other  routes  to  supply  the  surrounding  mains. 

In  laying  the  pipes,  the  flanged  joints  were  placed  horizontally,  and 
as  in  every  case  the  workmen  scooped  a  hollow  for  the  reception  of  the 
flanges  to  get  readily  to  the  bolts — the  joint  is  the  weakest  part  of  the 
pipe.  Had  the  flanges  been  placed  vertically,  the  pipe-joints  would  have 
been  less  likely  to  break,  but  the  bottom  bolts  would  have  been  more 
difficult  to  tighten. 

Stop- valves  and  momentum- valves  are  placed  on  the  main  junctions 
of  the  supply-pipes.  As  the  large  valves  under  the  pressure  of  1,000 
lbs.  would  be  difficult  to  move,  these  are  balanced  by  means  of  a  small 
internal  valve  controlled  by  the  main  valve-spindle.  Small  momentum- 
valves  are  also  placed  on  each  side  of  the  stop-valves.  These  valves  are 
simply  small  rams  1^  inches  in  diameter,  spring-weighted,  and  in  the 
event  of  any  sudden  shock  in  the  flowing  water,  they  act  as  displacement 
or  relief  rams. 

There  are  five  boilers,  each  1\  feet  in  diameter,  30  feet  long,  fitted 
with  two  flues,  each  3  feet  in  diameter,  and  five  Galloway  tubes  in  each  flue. 
The  working  pressure  is  120  lbs.  per  square  inch.  Coal  is  delivered  to 
the  Vicar  mechanical-stokers  by  spiral  conveyors  from  the  coal-hopper, 
and  the  ashes  are  removed  by  similar  mechanical  arrangements ;  the  whole 
of  the  gearing  being  driven  by  a  three-cylindered  hydraulic  engine. 
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MIDLAND    INSTITUTE   OF  MINING,  CIVIL,   AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  in  the  Harvey  Institute,  Barnsley,  March  27th,  1897. 


Mr.  G.  B.  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The   following   gentlemen    were    elected,    having    been    previously 
nominated  : — 

Members  — 

Mr.  William  Mackenzie  Reynolds,  Mining  Engineer,  Dnkinfield  Coal 
and  Cannel  Company,  Dnkinfield. 

Mr.  William  J.  Waterman,  Mining  Engineer,  Vancouver,  British  Col- 
umbia. 

Student — 
Mr.  Herbert  Peakin,  Mining  Student,  Typoville,  Alexandra  Road,  Leedr. 


Mr.  H.  St.  John  Durnford  read  the  following  paper  on  "  The  Use 
of  Electricity  at  Ackton  Hall  Colliery,"  by  Mr.  H.  St.  John  Durnford 
and  Mr.  Roslyn  Holiday  : — 
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THE  USE  OF  ELECTRICITY  AT  ACKTON  HALL  COLLIERY. 


By  H.  ST.  JOHN  DURNFORD  and  ROSLYN  HOLIDAY. 


The  uses  to  which  electricity  may  be  put  at  a  large  colliery  are 
manifold,  and  at  Ackton  Hall  colliery  practical  tests  have  been  rigidly 
applied  to  several  purposes,  an  account  of  which  may  not  be  without 
interest  to  members  of  the  Institute. 

Soon  after  the  present  proprietor  became  possessed  of  the  colliery, 
electricity  was  brought  into  use  for  the  purpose  of  lighting,  and  from 
1891  up  to  the  present  time  its  use  has  been  constantly  increased,  till 
now,  besides  providing  all  the  illumination  for  the  pit-bottom  and 
surface,  there  are  upwards  of  12  motors  running  in  various  parts  of  the 
works.  The  writers  will  describe  in  the  present  paper  some  of  these  motors 
and  the  work  which  they  perform,  together  with  the  various  dynamos 
employed  for  generating  the  necessary  power.  They  also  hope  to  show 
that  economical  results  have  been  obtained  by  the  substitution  of 
electricity  for  steam  in  many  instances. 

The  first  plant  erected  was  used  for  lighting  only,  and  consisted  of  an 
ordinary  horizontal  engine  with  two  cyclinders  12  inches  in  diameter, 
working  a  dynamo,  capable  of  giving  out  220  amperes  at  110  volts.  The 
necessities  of  space  in  the  engine-room  very  shortly  caused  a  remodelling 
of  the  plant,  and  two  compound  engines  were  erected. 

The  power  for  lighting  the  works  and  working  the  various  motors  is 
all  produced  at  the  central  station,  built  in  close  proximity  to  the  boilers 
which  also  provide  steam  for  the  three  winding-engines  at  work.  Two 
compound  engines  are  in  use,  each  with  cylinders  8|  inches  and  14 
inches  in  diameter  respectively,  and  11  inches  stroke,  which  work  together 
or  independently  on  to  one  shaft  by  means  of  friction-gear,  and  drive  the 
Castle  dynamos,  one  at  200  volts  pressure,  and  the  other  two  at  110  volts 
each,  being  used  chiefly  for  lighting.  The  200  volts  dynamo  has  an  out- 
put of  220  amperes,  and  the  two  110  volts  dynamos  also  an  output  of 
220  amperes  each.  A  small  high-speed  Bumsted-and-Chandler  engine 
and  Castle  dynamo,  used  chiefly  for  lighting,  is  capable  of  giving  out  100 
amperes  at  110  volts.     The  plant  contained  in  this  room  lias  done  a  very 


ELECTRICITY  AT  ACKTON  HALL  COLLIERY.  403 

large  amount  of  work,  and  the  engines  have  given  satisfaction  ;  but,  owing 
to  the  fact  that  a  speed  of  250  revolutions  per  minute  has  to  be  main- 
tained, considerable  strain  is  put  on  the  foundation-bolts,  etc.,  and  it  has 
been  found  necessary  to  insert  heavier  foundations  than  were  at  first 
deemed  necessary. 

The  200  volts  dynamo  was  put  down  in  the  first  instance  to  generate 
electricity  for  working  a  pump  by  means  of  a  25  horse-power  motor,  placed 
at  the  bottom  of  the  water-pit  210  feet  below  the  surface.  It  has  worked 
without  any  hitch  for  the  last  three  years,  being  stopped  and  started  from 
the  surface,  and  only  requiring  attention  once  in  12  hours.  The  quantity 
of  water  which  this  motor  will  lift  is  9,000  gallons  per  hour,  running  at 
a  speed  of  50  revolutions  per  minute.  It  may  be  remarked  that  the 
water-supply  of  the  colliery  up  to  the  recent  dry  summer,  when  the 
increased  output  of  the  colliery  necessitated  additional  arrangements, 
was  entirely  dependent  upon  this  pump.  The  old-steam  pump,  which 
was  formerly  used  for  lifting  the  water,  has  been  taken  out.  At  the 
same  time  as  this  pump  was  set  to  work,  a  smaller  three-throw  pump  was 
obtained  to  deal  with  a  feeder  of  water  which  was  troublesome  in  the 
sump  of  the  winding-pit.  This  pump,  worked  by  a  12  horse-power  motor, 
1,000  feet  below  the  surface,  forces  the  water  up  the  pit  in  one  lift,  and 
works  about  10  hours  a  day. 

About  three  years  ago  it  became  necessary  to  erect  a  new  joiners' 
shop  in  the  place  of  one  which  was  burnt  down  during  the  riots  which 
took  place  during  the  coal  strike  of  1893,  and  it  was  decided  to  apply  a 
motor  to  work  a  circular  saw  and  other  machinery  in  the  building  which 
had  been  put  up  at  some  little  distance  from  the  boilers.  The  writers 
would  draw  attention  to  the  fact  that  at  all  modern  collieries  a  steam- 
pressure  of  100  to  120  lbs.  on  the  square  inch  is  maintained  ;  and  it  will 
be  found  that  to  keep  a  range  of  pipes  with  steam  under  this  pressure  in 
proper  repair  for  any  distance  without  considerable  waste  is  troublesome, 
especially  as  the  steam-pressure  is  liable  to  fluctuation,  and  consequent 
contraction  of  the  pipes  results.  A  25  horse-power  motor  was  erected  in 
September,  1894,  and  with  the  exception  of  slight  trouble  with  the 
original  armature,  which  was  changed  by  the  makers  soon  after  it  was 
started,  the  motor  has  cost  nothing  in  maintenance  or  repairs,  beyond  the 
usual  cost  for  oiling  and  cleaning.  The  total  cost  of  this  plant,  in- 
cluding motor-foundations,  660  feet  of  cable,  fixing  of  motor,  switches, 
etc.,  was  £117.  This  price  includes  moreover  half  the  cost  of  a  spare 
armature,  which  will  also  fit  the  motor  intended  to  drive  the  machines 
in  the  mechanics'  shop. 
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The  25  horse-power  motors  are  all  continuous-current  machines, 
working  at  200  volts  pressure  and  a  speed  of  1,500  revolutions  per 
minute,  each  motor  being  supplied  with  an  ammeter  switch  and  cut-outs, 
the  power  from  the  dynamos  being  carried  on  cables  19/16,  and  600 
megohms  insulation.  The  drop  in  pressure  on  the  transmission  of 
electricity  from  the  dynamo  to  the  motor  working  the  saw-mill  is  found 
to  be  7  volts  when  working  at  full  load.  Very  soon  after  the  saw-mill  had 
been  set  to  work,  a  similar  motor  was  erected  in  the  fitting-shop  for 
working  the  lathes  and  fan  for  the  blacksmiths'  fires.  Both  of  these 
motors  are  securely  boxed  in  wooden  cupboards  to  prevent  filings  and  nails 
from  being  attracted.  A  similar  type  of  motor  of  6  horse-power  was  also 
added  to  the  plant  to  work  the  hay-chopper  and  corn-griDding  machinery 
attached  to  the  stables,  at  a  distance  of  about  900  feet  from  the  electric 
engine-house  and  dynamo.  The  latter  motor  is  run  from  the  110  volts 
circuit  and  uses  about  15  amperes  to  do  the  work  that  is  necessary. 
The  saw-mill  and  mechanics'  shop  motors  each  take  an  average  of  22 
amperes.  One  point  in  favour  of  motor-work  which  can  be  noticed,  is 
the  fact  that  they  take  a  very  small  amount  of  power  to  drive  them 
when  running  light,  the  saw-mill  in  particular  using  10  amperes  when 
simply  running  the  saw  round,  and  as  much  as  100  and  more  when  a 
heavy  cut  is  in  progress. 

A  12  horse-power  motor,  working  a  G-wynne  centrifugal  pump,  put 
down  at  the  water-reservoir,  about  1,500  feet  from  the  works,  lifts 
12,000  gallons  per  hour  a  height  of  about  70  feet  into  a  tank,  from 
which  it  is  supplied  to  the  boilers  :  the  power  for  working  this  motor 
being  carried  from  the  central  station  by  two  bare  copper  cables  19  12. 

When  the  question  of  washing  coal  or  slack  first  came  up  for  con- 
sideration, and  on  its  being  decided  to  erect  a  large  Liihrig  coal- washer, 
capable  of  dealing  with  500  tons  a  day,  the  problem  was  how  best  to 
drive  the  machinery,  and  the  writers,  having  at  that  time  obtained 
nothing  but  satisfactory  results  from  the  use  of  electricity  as  a  motive 
power,  considered  it  advisable  to  go  into  the  question  of  applying  it  to 
the  washery.  Owing  to  the  site  selected  for  the  plant  being  at  some  dis- 
tance from  the  boilers,  either  a  new  set  of  boilers  with  chimney  would 
have  to  be  erected,  or  the  steam  would  have  to  be  carried  to  the  building 
by  a  long  range  of  pipes. 

Adjoining  the  engine-house  described  above,  another  room  has  been 
built,  with  direct  communication  with  the  old  room,  containing  two 
Parsons  200  electric  horse-power  steam  turbines  and  dynamos,  working  at 
500  volts  pressure,  and  running  at  3,000  revolutions  per  minute.     These 
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machines  are  now  well  known,  and  have  proved  successful  under  the  con- 
ditions under  which  they  are  working  at  Ackton  Hall  colliery.  Figs.  1 
and  2  (Plate  XIII.)  give  a  general  idea  of  the  machines,  which  are  con- 
structed so  as  to  give  out  their  maximum  load  at  a  steam-pressure  of  80 
lbs.  to  the  square  inch,  when  running  at  the  above-mentioned  speed.  It 
is  difficult  to  see  how  these  turbines,  or  rotary  engines  as  they  may  be 
called,  can  get  out  of  order.  Trifling  difficulties  have  been  met  with  in 
connexion  with  the  armatures,  but  these  have  now  been  overcome,  and 
for  the  amount  expended  they  seem  to  be  efficient  machines.  The  absence 
of  the  usual  heavy  foundations,  in  the  writers'  opinion,  is  a  great  pomt  in 
their  favour.  The  steam  enters  the  turbine  from  a  pipe  3  inches  in  dia- 
meter, and  is  admitted  in  periodic  blasts,  1  in  every  15  revolutions  of  the 
turbine.  The  steam,  after  its  passage  through  the  turbine,  passes 
through  blades,  and  as  it  expands  it  comes  in  contact  with  blades  of  larger 
diameter,  and  finally  exhausts  into  a  pipe  12  inches  in  diameter.  The 
makers  guarantee  a  water-consumption  per  electrical  horse-power  per 
hour  of  not  more  than  39  lbs. 

The  cost  of  a  Parsons  200  electric  horse-power  turbine  and  dynamo 
may  be  taken  as  about  equal  to  the  cost  of  a  first-class  steam-engine  of 
equal  power,  without  a  dynamo.  It  has  been  found  necessary,  in  order 
to  maintain  these  machines  at  the  requisite  speed  without  undue  heating 
of  the  bearings,  to  pass  the  oil  used  for  lubricating  through  an  oil-cooler, 
which  is  simply  a  spiral  pipe  enclosed  in  a  cast-iron  casing  through 
which  passes  a  constant  flow  of  cold  water.  The  complete  plant  measures 
17  feet  long  by  3  feet  wide,  and  no  foundations  are  needed,  the  machines 
simply  resting  on  indiarubber  mats.  The  turbines  are  electrically 
governed,  and  a  variation  in  voltage  of  not  more  than  5  per  cent,  ensues 
when  the  whole  load  is  thrown  on  or  off.. 

The  power  is  carried  to  the  coal-washery  by  three  pairs  of  19/1  4  bare 
copper  wire,  this  being  cheaper  and  safer  than  having  one  pair  of  large 
cables.  It  might  be  mentioned  that  the  builders  of  the  washing-machinery 
were  doubtful  as  to  the  actual  amount  of  power  required  for  working 
the  machinery  and  keeping  the  water  circulating,  but  provision  was  made 
for  sending  240  horse-power  into  the  building  in  case  of  necessity.  It 
has  since  been  proved  that  this  was  an  excessive  estimate  of  what  was 
actually  required,  but  the  fault  is  on  the  right  side,  the  actual  power 
required  being  180  electric  horse-power.  The  240  horse-power  which 
was  considered  necessary  to  work  the  washery  is  distributed  over  three 
80  horse-power  motors  (Figs.  3  and  4,  Plate  XIII.),  two  of  which  work 
the  elevator,  washing-tanks,   revolving  screen,  dirt-scrapers,  etc.  ;   the 
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other  drives  the  disintegrator,  used  for  crushing  nuts  for  mixing  with 
the  coking  coal  when  a  superior  quality  of  coke  is  required. 

An  absolutely  uniform  speed  is  maintained  by  the  use  of  these  motors, 
and  many  members  will  know  how  essential  this  is  in  machinery  of  this 
class,  if  good  results  are  to  be  obtained.  It  is  necessary  at  times  during 
the  cleaning  and  letting  off  of  the  water  from  the  mud-tanks,  for  the 
main  shaft  of  the  machinery  to  be  run  at  a  slower  speed  than  usual. 
The  normal  speed  of  the  main  shaft  in  the  building  is  60  revolutions  per 
minute,  the  speed  of  the  motors  being  620  revolutions  per  minute.  The 
speed  of  the  main  shaft  can  be  reduced  to  2  revolutions  per  minute  by 
means  of  two  special  switches,  one  of  which  puts  the  armatures  of  the 
two  motors  into  series  bringing  the  speed  down  to  half,  and  the  other 
puts  the  windings  of  the  magnets  into  parallel,  thus  reducing  the  speed 
down  to  nearly  one-fourth,  and  then,  by  using  the  starting  resistances, 
the  speed  can  be  still  further  reduced. 

The  question  of  underground  haulage  was  before  the  writers1  minds 
during  the  time  when  the  motors  were  being  got  ready  for  the  washers, 
and  it  was  decided  to  apply  electricity  for  underground  haulage  in  all  the 
pits  as  occasion  arose.  Three  separate  plants,  each  driven  by  a  40  horse- 
power motor  (Figs.  5  and  6,  Plate  XIII.),  have  already  been  got  to  work,* 
two  similar  in  character,  working  endless-ropes,  and  one  smaller  plant 
which  is  engaged  in  hauling  material  up  some  stone-drifts. 

The  Warren  House  coal-seam  lies  at  a  depth  of  1,000  feet  from  the 
surface,  and  as  the  workings  had  extended  to  a  considerable  distance 
from  the  shaft,  it  was  decided  to  put  haulage-machinery  into  that  pit 
without  delay.  The  endless-rope  system  has  been  adopted,  the  rope 
working  at  the  top  of  the  tubs  with  ordinary  chain-attachments.  Owing 
to  the  difficult  character  of  the  roof  of  the  seam,  considerable  expense 
and  delay  were  incurred  in  widening  the  roads,  but  now  that  this  has 
been  satisfactorily  accomplished,  no  difficulties  are  found.  The  motors 
are  run  off  the  500  volts  circuit,  having  a  speed  of  550  revolutions  per 
minute,  geared  down  first  by  leather-belting  and  then  by  spur-gearing, 
and  the  rope  travels  at  a  speed  of  3  miles  an  hour.  The  output  of  the 
pit  is  1,100  tons  a  day,  three-fourths  of  the  coal  being  drawn  on  the 
endless-rope  road.  The  seam  is  flat,  and  at  the  present  time  the  actual 
power  required  is  only  about  20  horse-power,  or  less  than  half  of  the 
capacity  of  the  motor.  The  cables  for  carrying  the  power  to  these 
motors  are  19/16,  300  megohms  insulation-resistance,  and  like  others  in 
underground  use  at  the  colliery,  are  suspended  from  the  top  of  the  pit 
without  any  intermediate  support. 
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A  patent  oil-insulator  consisting  of  an  annular  cast-iron  vessel  with  a 
lug  on  each  side,  by  means  of  which  it  can  be  suspended,  is  used  (Fig.  7, 
Plate  XIIL).  At  the  bottom  of  the  annular  space  is  a  thick  ring  of 
indiarubber  on  which  rests  the  support  which  carries  the  weight  of  the 
cable,  the  remainder  of  the  space  is  filled  with  creosote  oil,  and  the  cable 
is  held  by  an  ordinary  wrought-iron  rope  clamp.  The  cables  suspended 
in  this  way  have  never  caused  the  slightest  trouble,  there  being  nothing 
for  falling  coal,  etc.,  to  catch.  Insulation-tests  are  made  weekly  of 
all  the  circuits,  and  the  shaft-cables  always  afford  the  best  results. 
The  cost  of  putting  in  one  of  these  cables  in  connexion  with  the 
Haigh  Moor  haulage  was  found  to  be  as  follows : — 1,100  yards, 
19/16,  1,000  megohms  cable,  £73  6s.;  two  oil-insulators,  12s.;  4  work- 
men, each  ^  day,  10s.  6d.;  winding  engine-man  ^  day,  3s.  4d.;  total, 
£74  lis.  No  difficulty  has  been  experienced  by  having  these  cables 
hung  in  the  manner  described,  and  in  the  writers'  opinion  for  depths 
of  2,000  feet  it  is  quite  safe.  The  cables  are  made  to  sustain  their 
own  weight,  but  by  having  them  armoured,  as  in  the  case  of  one 
pah-  in  use  in  the  Haigh  Moor  shaft,  an  ample  margin  of  safety  is 
assured.  The  motor  down  the  Haigh  Moor  shaft  is  at-  present  working- 
two  endless-ropes,  one  about  1,500  feet,  and  the  other  one  3,000  feet 
long,  and  the  power  used  has  been  found  to  be  about  one-third  of  what 
the  motor  is  capable  of  producing. 

Figs.  8  and  9  (Plate  XIII.)  show  a  small  haulage-plant  which  has  been 
just  set  to  work  for  hauling  material  up  the  stone-drifts  already  alluded 
to,  and  has  been  found  to  be  extremely  convenient  for  the  purpose.  The 
25  horse-power  motor  sets  in  motion  two  drums,  each  3  feet  in  diameter  and 
12  inches  wide,  and  it  is  geared  down  by  spur-gearing  to  travel  at  a  speed 
of  5  miles  an  hour  when  the  motor  is  running  at  full  speed.  The  cables 
for  conveying  the  power  to  this  motor  are  a  continuation  of  the  cables 
used  for  driving  the  motor  in  connexion  with  the  Haigh  Moor  haulage. 
They  are  19/16,  and  30U  megohms  insulation,  carried  along  the  main 
intake  airway  to  a  point  about  1,800  feet  from  the  shaft,  where  the 
machinery  is  fixed.  This  muchine  will  be  most  useful  after  its  present 
occupation  has  ceased,  as  it  can  be  taken  to  pieces  in  a  couple  of  days 
and  moved  to  any  other  part  of  the  underground  workings  of  the  colliery 
where  a  similar  drift  may  have  to  be  driven. 

An  8  horse-power  motor  is  working  a  three-throw  pump,  at  a 
distance  of  2  miles  from  the  colliery,  which  is  used  in  dry  times  to  pump 
water  for  collieiy  purposes.  This  motor  can  be  stopped  or  started 
without  any  difficulty  from  the  engine-room,  and  an  ingenious  method 
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has  been  adopted  to  prevent  (a)  its  running  away,  in  case  the  belt 
connecting  the  motor  to  the  pump  slips  off  or  breaks,  and  (&)  damage 
which  would  arise  from  the  pump  or  motor-bearings  getting  hot.  For 
these  purposes,  a  starting-switch  is  constructed,  so  that  when  the 
normal  current  is  passing,  a  small  trigger  holds  the  switch  in  position  ; 
and  when  the  current  falls  below  5  or  rises  above  18  amperes,  the  switch 
is  released  and  the  pump  thereby  stopped  automatically. 

The  Haigh  Moor  screening-plant  is  driven  by  means  of  a  40  horse- 
power motor,  similar  to  the  two  motors  driving  the  Warren  House  and 
Haigh  Moor  haulages.  It  is  of  the  four-pole  type,  with  self-oiling 
bearings,  running  at  550  revolutions  per  minute.  It  is  working  at  full 
load,  and  works  very  satisfactorily. 

There  is  a  hoist  which  lifts  the  tubs  of  coking  coal  to  the  level  of  the 
top  of  the  coke-ovens,  a  height  of  20  feet.  The  tubs  contain  15  cwts. 
each.  A  12  horse-power  motor  is  used  to  work  this  hoist ;  it  has  been 
running  for  8  months,  and  during  that  time  it  has  had  no  attention 
whatever,  and  has  not  used  one  pint  of  oil,  the  bearings  being  self- 
lubricating,  and  using  the  oil  over  and  over  again. 

A  small  motor  is  also  used  to  drive  a  lamp-cleaning  machine. 

The  total  load  on  the  central  station  is  often  as  much  as  320  horse- 
power, and  in  less  than  a  minute  it  may  drop  to  50  horse-power. 

The  writers  are  in  somewhat  of  a  difficulty  in  speaking  definitely  as 
to  the  question  of  economical  results  by  adopting  so  largely  the  use  of 
electricity  for  power  purposes,  as  all  the  steam  used  at  the  colhery  is 
supplied  from  the  same  main  steam-pipe,  and  by  the  same  range  of 
boilers  as  those  that  supply  the  winding-engines,  etc.  ;  but  inasmuch  as 
the  colhery  consumption  of  coal  is  not  excessive,  considering  the  amount 
of  work  done  and  the  depth  of  the  shafts,  it  is  believed  that  the  use  of 
so  much  electricity  is  not  extravagant.  Most  certainly,  the  power  sent 
to  drive  the  washery  is  maintained  at  a  minimum  cost.  There  are  no 
charges  for  repairs  to  leaking  pipes,  no  repairs  to  engines,  no  packing  of 
glands,  and  less  attention  than  would  be  needed  by  an  engine  of  the  same 
power  as  the  two  80  horse-power  motors.  The  only  item  of  expense 
connected  with  these  motors  since  they  commenced  work  in  May,  1896, 
has  been  once  re-turning  of  the  commutators.  The  writers  believe  that 
the  use  of  electricity  at  Ackton  liall  collieries  has  resulted  in  great 
saving  of  expense  and  increased  efficiency.  In  the  use  of  electricity 
for  power  purposes,  one  particular  feature  of  motors  should  be  borne 
in  mind,  namely,  that  whatever  load  is  put  on  to  them  is  taken  up  ; 
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whereas,  an  engine  in  similar  circumstances  would  be  slowed  down  ; 
so  that  it  is  most  important  to  have  motors  built  above  the  work  which 
they  are  intended  to  perform.  To  this  fact,  as  well  as  to  having 
everything  of  the  best  construction,  is  attributed  in  a  great  measure 
the  success  of  the  application  of  electricity  at  Ackton  Hall  collieries. 


The  President  asked — with  regard  to  the  breaking  strain  of  the 
cable — at  what  strain  the  copper  in  the  cable  suspended  down  the  shaft 
would  break.  He  understood  that  the  cable  was  not  supported  at  any 
intermediate  point,  and  that  it  was  about  1,000  feet  in  length. 

Mr.  E.  Brown  (St.  John's  collieries)  remarked  that  the  consumption 
of  39  lbs.  of  water  per  horse-power  per  hour  by  the  Parsons  turbine  seemed 
extravagant,  as  an  ordinary  compound  engine  only  consumed  about  14 
lbs.  of  water  per  horse-power  per  hour.  It  would  be  interesting  to  isolate 
a  boiler  and  ascertain  exactly  the  water-consumption  per  horse-power. 
With  reference  to  hanging  cables  in  the  shaft,  he  understood  that  the 
cables  were  armoured,  so  that  probably  the  armour  would  be  capable  of 
carrying  the  whole  cable  without  any  strain  on  the  copper  wires.  At  St. 
John's  collieries  the  cables  in  the  shafts  were  lead-covered,  and  pieces  of 
coal  falling  from  the  tubs  punctured  the  lead  and  great  leakage  ensued, 
and  for  further  protection  the  cables  were  now  enclosed  in  wooden  boxes, 
nailed  to  the  stays  :  at  intervals  of  about  150  feet,  a  piece  is  scooped  out 
of  the  box  about  the  size  of  a  hen's  egg,  and  at  that  point  a  swelling  is 
worked  on  the  cable  by  tape  and  varnish  to  fit  the  scooped-out  portion 
in  the  box,  and  thus  the  cables  are  supported  at  intervals  of  150  feet 
by  an  arrangement  which  acts  satisfactorily.  "When  a  small  plant  had 
to  be  erected  at  a  distance  of  2  miles  from  the  colliery  there  was  no 
doubt  that  electrical  transmission  was  the  most  suitable  power  for  such 
cases.  Within  a  range  of  1,000  feet,  he  should  doubt  the  economy  of 
erecting  electric  plant  as  opposed  to  a  steam  plant,  but  electricity  had  the 
advantage  when  the  plant  was  standing,  as  the  losses  were  nil ;  whilst  in 
a  steam-pipe  the  condensation  would  be  a  serious  loss  of  power,  because 
the  steam  could  not  be  shut  out  of  the  pipes.  For  a  plant  run  at 
intervals,  an  electrical  plant  would  compare  favourably  with  a  steam 
plant. 
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Mr.  A.  A.  Atkinson  (Barrow  collieries)  asked  whether  any  arrange- 
ment had  been  made  at  the  hauling-engines  to  enclose  the  sparks  which 
might  be  made  at  the  commutator. 

Mr.  T.  B.  A.  Clarke  (Lidgett  colliery)  said  that  hanging  the  cable 
down  the  shaft  seemed  to  have  given  no  bad  results,  but  it  was  doubtful 
whether  in  time  the  cable  might  not  suffer  serious  damage,  not  so  much 
from  the  fact  that  the  cable  might  not  be  able  to  bear  the  strain,  but 
from  the  fact  that  the  cable  was  built  up  of  at  least  three  different 
substances  which,  under  tension,  might  stretch  unequally.  The  cable 
might  be  extended,  and,  rubbing  on  the  inner  surface  of  the  copper,  waste 
away  the  insulating  capacity  of  the  cable.  Steam-turbines  no  doubt 
gave  excellent  results,  but  whether  they  could  meet  sudden  demands  for 
increased  power  suddenly  thrown  on  them  had  not  been  proved.  He 
would  like  to  know  how  long  the  turbine  had  been  in  use,  and  what  was 
the  cost  of  maintenance  as  compared  with  an  ordinary  compound  engine. 
The  coal-washing  plant  had  been  erected  within  a  distance  of  900  feet 
from  the  generating-station,  and  if  electricity  could  economically  displace 
steam-power  for  a  plant  put  down  within  that  distance  it  could  displace 
it  almost  anywhere.  Could  the  writers  give  information  as  to  the  costs  : 
first,  in  driving  the  plant  electrically,  and,  second,  in  driving  by  steam- 
power,  and  also  the  costs  of  maintenance  in  each  case  ? 

Mr.  Holiday  (Ackton  Hall  colliery),  replying,  said  that  the  breaking- 
strain  of  the  cable  was  30  cwts.  and  its  weight  was  about  4  cwts.  By 
hanging  the  cables  in  the  shaft  from  the  surface,  and  using  no  insulators, 
there  could  be  no  leakage.  The  cables  hung  5  or  6  inches  from  the  side 
of  the  shaft  and  1  foot  from  each  other.  Some  tubs  had  fallen  down  the 
shaft,  and  the  cables  were  grazed,  but  not  damaged.  Two  or  three  differ- 
ent substances  were  used  in  the  cable,  which  would  stretch  unequally ; 
but  in  a  suspended  cable  this  did  not  make  the  slightest  difference,  and 
a  bare  cable  would  do  just  as  well.  Insulated  cables  were  used  at  Ackton 
Hall  collieries  to  prevent  the  shaft  men  from  getting  a  shock.  The 
turbines  were  guaranteed  to  consume  not  more  than  39  lbs.  of  water  per 
electrical  horse-power  per  horn-,  and  the  consumption  per  indicated  horse- 
power would  be  much  less.  The  makers^guaranteed,  if  the  exhaust  steam 
was  condensed,  a  consumption  of  17  lbs.  per  electrical  horse-power,  or 
about  14  lbs.  per  indicated  horse-power.  One  pair  of  the  shaft-cables 
was  armoured ;  but,  if  the  armour  came  in  contact  with  anything,  it 
created  a  tendency  to  leak  along  the  whole  length  of  the  cable,  as  the 
armour  was  in  connexion  with  the  insulation,  whereas,  if  the  cable  was 
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uuarmoured,  there  was  no  tendency  to  leak.  There  was  no  protection 
against  sparking  of  the  small  haulage-motor,  which  was  placed  in  the 
main  intake  airway,  and  it  was  not  necessary  to  incur  the  expense  of 
enclosing  the  motor.  The  turbine-governors  worked  efficiently,  under 
loads  varying  from  280  to  50  horse-power,  within  less  than  1  minute. 
In  working  the  rope-haulage,  it  was  stopped  and  started  all  day  long, 
and  no  variation  of  speed  of  the  turbine  took  place.  All  the  parts 
being  rotary,  and  none  of  them  reciprocating,  the  load  was  only  like  a 
brake  upon  them  ;  whereas  in  engines  with  reciprocating  parts  there  was 
a  tremendous  strain  thrown  on  the  cranks  and  motion-work  of  the  engine, 
so  that  the  turbine  seemed  more  suitable  than  any  other  engine  for  work- 
ing with  varying  loads.  The  cost  of  the  central  station  in  wages  was 
£3  4s.  a  week,  and  stores  £2  a  week.  Eepairs  and  maintenance  were 
very  low  indeed,  though  he  could  not  give  the  exact  figures. 

The  President  moved  a  vote  of  thanks  to  the  authors  for  their 
paper. 

Mr.  T.  B.  A.   Clarke   seconded  the   motion,  which  was   carried 
unanimously. 
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The  President  moved  "  That  the  Council  and  Members  of  the  Mid- 
land Institute  of  Mining,  Civil,  and  Mechanical  Engineers  consider  that 
progress  is  being  made  in  connexion  with  the  Course  of  Mining  Lectures 
at  Barnsley,  and  that  it  would  be  unfortunate  if  the  County  Council  dis- 
continued the  grant  now  that  the  classes  appear  to  be  more  largely  taken 
advantage  of." 

Mr.  A.  M.  Chambers  seconded  the  motion,  which  was  agreed  to. 
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CHESTERFIELD  AND  MIDLAND  COUNTIES  INSTITUTION 
OF  ENGINEERS 

AND 

MIDLAND    INSTITUTE    OF   MINING,   CIVIL,   AND 
MECHANICAL   ENGINEERS. 


JOINT  MEETING, 

Held  in  the  Rooms  of  the  Literary  and  Philosophical  Society, 

Sheffield,  January  23rd,  1897. 


Mr.  M.  H.  MILLS,  in  the  Chair. 


Mr.  G.  Blake  Walker  read  the  following  paper  on  "Recent 
Progress  in  the  Recovery  of  Bye-products  from  Coke-ovens  in  West- 
phalia," by  Messrs.  G.  Blake  Walker  and  L.  T.  O'Shea :— 
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RECENT  PROGRESS  IN  THE  RECOVERY  OF  BYE-PRODUCTS 
FROM  COKE-OVENS. 


By  GEORGE  BLAKE  WALKER  and  L.  T.  O'SHEA. 


No  subject  is  of  greater  interest  to  mining  engineers  at  the  present 
moment  than  the  improvements  which  have  recently  been  made  in  the 
construction  of  coke-ovens,  with  the  object  of  obtaining  and  saving  the 
volatile  constituents  of  the  coal  which,  under  the  system  of  coking  in 
beehive  coke-ovens  usual  in  this  country,  are  now  allowed  to  burn  away 
to  waste.  The  flame  and  smoke  which  issue  from  coke-ovens  contain 
substances  of  nearly  equal  value  to  that  of  the  coke,  and  if  they  can  be 
obtained  without  injuring  the  quality  of  the  coke,  the  value  of  the  small 
coal  sent  to  the  ovens  may  be  about  doubled. 

The  writers  visited  Westphalia  last  summer,  and  although  the  special 
object  of  their  journey  was  not  connected  with  the  manufacture  of  coke, 
they  were  very  much  struck  by,  and  interested  in,  the  exceedingly  im- 
portant developments  which  had  taken  place  in  that  industry  in  West- 
phalia during  the  last  few  years 

The  subject  of  the  recovery  of  the  bye-products  of  coke-ovens  is  the 
one  in  which  German  mining  engineers  are  at  present  chiefly  interested, 
and  although  alterations  and  improvements  are  taking  place  almost  from 
day  to  day  in  working  out  this  important  problem,  its  present  position 
is  worthy  of  the  close  attention  of  the  members  of  the  Institute. 

The  writers  do  not  claim  to  have  special  knowledge  of  the  subject, 
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and  have  offered  their  notes  because  they  think  that  it  may  be  a  con- 
venience to  the  members  to  have  the  subject  brought  before  them  at  the 
present  time  in  order  to  give  an  opportunity  for  discussion,  and  to  draw 
attention  to  the  fact  that  the  problem  of  the  recovery  of  bye-products  from 
coke-ovens  has  been  successfully  solved,  rather  than  to  advocate  the  merits 
of  any  particular  system  of  coke-oven.  They  do  not  forget  the  fact 
that  the  whole  question  of  coking  highly  bituminous  coals  in  retort- 
ovens  as  opposed  to  beehive  coke-ovens  was  thoroughly  considered 
by  the  most  competent  authorities,  such  as  Sir  Isaac  Lowthian  Bell, 
Mr.  A.  L.  Steavenson,  and  others,  many  years  ago,  and  that  the  conclusion 
arrived  at  was,  that  on  the  whole  the  greater  yield  of  coke  made  in 
retort-ovens  did  not  compensate  for  its  inferior  appearance  and  unsuit- 
ability  for  metallurgical  purposes,  and  that  for  the  time  being  beehive 
coke-ovens  held  the  field.  It  must  be  admitted,  however,  that  much  has 
happened  during  the  last  ten  years,  and  the  additional  value  obtained 
from  the  coal  when  the  bye-products  are  recovered,  now  throws  the 
balance  of  advantage  very  largely  on  the  other  side. 

Papers  were  recently  read  before  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers  on  two  of  the  most  recent  types  of 
coke-oven  for  recovering  the  bye-products — viz.,  the  Semet-Solvay,* 
and  the  Brunck,f  but  curiously  the  Otto-Hoffmann  oven,  the  most  cele- 
brated of  all,  and  the  most  widely  used  in  Germany,  had  not  yet  been  the 
subject  of  a  paper. 

Since  the  introduction  of  the  Otto- Hoffmann  oven  with  recovery  of 
bye-prodncts,  the  development  of  the  coke  industry  in  Germany,  and 
especially  in  Westphalia,  has  been  extraordinary.  The  output  of  coke  in 
the  Dortmund  district  is  stated  to  have  been  as  follows  during  the  ten 
years  from  1885  to  1894$  :— 

Table  I.— Coke  Production. 

Year. 
1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

*  Trans.  Fed.  Inst.,  vol.  ix.,  page  54.  t  Ibid.,  vol.  ix.,  page  47. 

X  "Die  Fortschritte  der  Koksfabrication  im  Oberbergamtsbezirk  Dortmund  in 
den  letzben  10  Jahren."  By  Mr.  F.  Simmerbach.  Zeitschrift  fur  da*  Berg-,  Hiltten- 
und  Salinen-  Wesen  im  Preussischen  Staate,  1896,  vol.  xliv.,  page  402,  and  plates. 


Tons. 

Per  Cent. 

2,826,697 

— 

2,557,013 

...  decrease 

11-00 

3,143,922 

. . .   increase 

23  00 

3,592,990 

...         ,, 

14-00 

3,813,027 

...         ,, 

6-00 

4,187,780 

., , 

9-80 

4,388,010 

,, 

4-77 

4,560,984 

,, 

4-00 

4,780,489 

,, 

4-80 

5,398,612 

,, 

12-93 
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During  the  last  two  years,  1895  and  1896,  this  rapid  increase  has 
been  fully  maintained,  and  there  are  probably  now  nearly  10,000  coke- 
ovens  at  work  or  erecting  in  Westphalia. 

Notwithstanding  this  remarkable  development  of  the  coke-making 
industry  in  Westphalia,  and  the  large  measure  of  success  which  had  been 
attained  in  the  recovery  of  the  bye-products,  finality  had  not  yet  been 
reached.  The  behaviour  of  a  particular  coal  in  a  given  coke-oven  can- 
not be  predicated  with  absolute  certainty,  and  the  best  type  of  oven  for 
one  coal  may  be  quite  unsatisfactory  for  another.  Recognizing  this  fact, 
the  Simon-Carves  Syndicate  in  Great  Britain  and  the  firm  of  Dr.  C.  Otto  & 
Co.,  of  Dahlhausen,  have  decided  to  erect  a  number  of  experimental  ovens 
of  various  kinds,  and  to  make  experiments  in  these  ovens  with  all  sorts 
of  coal,  with  the  object  of  determining  which  system  can  be  regarded  as 
giving  the  best  results  with  coals  of  a  particular  composition.  These 
experiments  may  be  expected  to  throw  a  good  deal  of  light  on  a  subject 
as  to  which  science  has  still  much  to  learn. 

In  Westphalia,  in  1895,  there  had  been  a  decrease  in  the  number  of 
types  of  ovens  in  use  as  compared  with  1885.  Of  the  6,464  ovens  in  use 
in  that  year,  only  306  were  bye-product  ovens,  only  3,700  were  utilized 
in  connexion  with  heating  boilers,  and  most  of  the  ovens  themselves 
were  quite  obsolete  or  disused.  Ten  years  later,  there  were  7,866  ovens 
in  use,  of  these  only  142  were  beehives  and  1,864  were  bye-product  ovens. 
These  were  at  the  end  of  1895,  divided  between  the  different  systems,  as 
follows,  but  a  considerable  increase  in  some  of  the  newer  types  has  taken 
place  during  the  past  year  : — 
At  Collieries — 

Otto-Hoffmann 

Hiissener 

Herbertz  ... 

Ruppert    ... 

Ruppert-Collin 

Collin        

Brunck 
At  Iron-works — 

Otto- Hoffmann 

Brunck      

Totals 1,736  2,896 

It  may  be  convenient  to  divide  the  subject  of  this  paper  into  : 
(1)  A  few  general  remarks  on  the  chemical  action  involved  in  the 
coking  of  coal ;  (2)  a  brief  account  of  the  evolution  of  the  bye-product 
oven,  and  a  description  of  the  condensation-plant,  by  means  of  which 
the  tar  and  ammonia-liquor  are  obtained  from  the  coke-oven  gases  ;  and 
(3)  general  conclusions. 


In  1895. 
Oveng. 

In  1896. 
Ovens. 

1,102 

1,722 

100 

100 

48 

48 

140 

140 

60 

60 

60 

260 

66 

186 

160 

320 

—  . 

60 
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The  Chemistry  of  Coke  Manufacture. 

It  may  seem  superfluous  to  introduce  into  this  paper  an  account  of 
the  chemical  action  which  goes  on  in  the  coke-oven,  so  far  as  this  is  at 
present  understood  ;  but  as  this  information  is  only  to  be  obtained  from 
highly  technical  sources,  we  have  thought  it  may  be  a  convenience  to 
many  members  to  have  a  succinct  account  of  the  process. 

The  action  of  heat  on  coal  is  to  bring  about  its  decomposition,  the 
chief  feature  of  which  consists  in  the  separation  of  the  greater  quantity 
of  the  hydrogen,  oxygen,  and  nitrogen  which  the  coal  contains,  in 
combination  with  one  another  and  with  carbon  in  the  form  of  definite 
compounds,  whilst  a  considerable  proportion  of  the  latter  is  left  as  a  non- 
volatile residue  which  constitutes  the  coke.  Although  all  coals  undergo 
this  change  on  heating,  different  varieties  of  coals  behave  very  differently 
under  the  action  of  heat.  Some  coals  pass  through  a  pasty  condition, 
and  give  rise  to  a  coherent  mass  of  coke  bearing  no  resemblance  to  the 
original  form  of  the  coal  ;  whilst  others  do  not  pass  through  this  pasty 
condition,  the  coke  is  non-coherent,  and  each  lump  retains  the  form  of 
the  original  coal.  This  property  gives  rise  to  the  terms  editing  coals 
as  applied  to  the  former  class,  and  non-caking  coals  to  the  latter. 

Considerable  attention  has  been  given  to  the  subject,  with  the  object 
of  determining  on  what  the  difference  in  behaviour  of  these  two  classes 
of  coals  depends,  and  many  speculations  of  a  more  or  less  theoretical 
character  as  to  the  chemical  changes  that  take  place,  have  from  time  to 
time  been  made  to  account  for  this  difference.  It  is  not  thought 
desirable  to  enter  into  this  question  in  this  paper,  but  reference  may  be 
made  to  the  influence  which  the  chemical  composition  of  coal  has  on  its 
caking  properties — an  influence  which  Dr.  Regnault  first  attempted  to 
elucidate.  It  has  been  suggested  that  the  proportion  between  the 
amount  of  oxygen  and  hydrogen  present  has  considerable  influence  in 
this  respect. 

The  mean  composition  of  different  varieties  of  foreign  coal  is  given 
in  the  following  table  *  : — 

Table  II. — Composition  of  Foreign  Coals. 

Elementary  Composition.        Molecular  Ratio 

, — — — •"* — — — N        of  Hydrogen       Disposable 

Carbon.    Hydrogen.    Oxygen.        to  Oxygen.         Hydrogen. 

Sand  coal 77  5  18  4'54  :    1  2-54 


Semi-bituminous 

or  sinter  coal  ...  83  5  12  6 '60 

Caking  coal         ...  87  5  8  10-00 

Anthracite           ...  95  3  2  30  00 


1  4  60 

1  8-00 

1  28-00 


*  Chemical  Technology,  Fuel  and  its  Applications.     By  Messrs.  E.  J.  Mills  and 
F.  J.  Rowan. 
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From  this  table,  it  is  seen  that  in  the  first  three  coals  the  amounts  of 
hydrogen  are  identical,  whilst  the  quantity  of  oxygen  decreases,  and 
consequently  the  molecular  ratio  of  hydrogen  to  oxygen  increases.  The 
increase  in  this  ratio  is  attended  by  an  increase  in  the  caking  properties 
of  the  coal.  In  the  case  of  anthracite,  however,  the  ratio  of  hydrogen 
to  oxygen  is  much  greater  than  in  the  other  cases,  but  the  amounts  of 
hydrogen  and  oxygen  are  very  much  smaller  than  in  the  first  three  coals. 
Now,  every  molecule  of  oxygen  requires  two  molecules  of  hydrogen  to 
form  water,  and  the  excess  of  hydrogen  in  the  coal  over  that  required  to 
form  water  is  called  the  "  disposable  hydrogen."  It  would  appear,  and 
has  been  held,  that  the  caking  properties  depend  partly  on  the  amounts 
of  hydrogen  and  oxygen  present,  and  partly  on  the  amount  of  dis- 
posable hydrogen.  Although  these  facts  doubtless  have  some  influence, 
yet  the  caking  properties  cannot  be  entirely  influenced  by  them,  for  Dr. 
Percy  has  shown  that  the  amount  of  disposable  hydrogen  may  be  the 
same  in  caking  and  non-caking  coals,  and  Prof.  Stein,  of  Dresden,  has 
shown  that  caking  and  non-caking  coals  may  have  the  same  elementary 
composition. 

It  will  be  seen,  then,  that  the  elementary  chemical  composition  of  coal 
does  not  help  much  to  determine  the  caking  character  of  a  coal,  and 
that  whilst  the  disposable  hydrogen  doubtless  has  some  influence  in 
that  direction,  yet  we  must  remember  that  coal  is  a  highly  complex 
body,  with  regard  to  whose  molecular  constitution  we  are  absolutely 
ignorant.  It  is  most  probable  that  the  caking  properties  depend  on  the 
presence  of  resinous  bodies  in  some  coals,  whilst  their  absence  in  others 
deprives  them  of  this  property.* 

The  Coking  Process. 

When  the  process  of  coking  is  carried  out  in  closed  vessels,  the  vola- 
tile products  may  be  collected,  and  the  substances  obtained  by  this 
distillation,  whether  primarily  carried  out  for  the  manufacture  of  coal-gas 
or  of  coke,  are  as  follows:— (1)  coke;  (2)  tar  (condensable  volatile  com- 
pounds) ;  (3)  ammonia  ;  and  (4)  gases  (uncondensuble  volatile  compounds). 
It  will  be  convenient  to  consider  the  chemical  properties  of  each  of  these 
substances  separately. 

(1)  CoJce. — Coke  is  not  pure  carbon,  but  always  contains  small 
quantities  of  hydrogen,  oxygen,  nitrogen,  and  sulphur,  together  with  the 
incombustible  constituents  of  the  coal  used  which  constitute  the  ash. 

*  Trans.  Fed.  Inst.,  vol.  xii.,  page  465. 


No.  2. 

No.  3. 

87-60 

86-36 

0-25 

0-51 

1-20 

1-77 

105 

1-07 

8-52 

794 

1-36 

235 
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Table  III. — Analyses  of  Coke.* 

Samples.  No.  1. 

Carbon      89-85 

Hydrogen |  o.0Q 

Oxygen  and  Nitrogen    ...  | 

Sulphur     1-06 

Ash            6-00 

Water       0-49 

The  carbon  and  hydrogen  are  valuable  constituents,  whilst  sulphur 
is  most  injurious. 

Coke  should  be  hard  and  porous,  and  these  properties  are  influenced 
by  the  character  of  the  coal  and  the  conditions  of  manufacture.  To 
obtain  the  best  results  in  this  respect,  the  coal  must  be  brought  to 
a  thoroughly  pasty  condition,  and  the  regular  escape  of  gases  allowed 
to  take  place.  If  the  coal  be  too  rich  in  volatile  substances,  the  gases 
escape  with  violent  ebullition,  and  a  large  proportion  of  breeze  coke 
results,  whereas  coals  containing  less  than  20  per  cent,  of  volatile  matter 
do  not  properly  fuse.  The  temperature  of  production,  according  to  Dr. 
Percy,  affects  the  character  of  the  coke,  which  in  general  may  be  said  to 
be  harder,  denser,  and  less  easily  combustible  the  higher  the  temperature 
and  the  longer  the  duration  of  that  temperature.  It  seems  to  the 
writers,  however,  that  no  absolute  rule  can  be  laid  down,  but  that  each 
variety  of  coal  requires  special  conditions  to  produce  the  best  results : 
these,  in  the  present  state  of  our  knowledge,  can  only  be  determined 
experimentally. 

The  sulphur  present  in  coke  is  a  very  injurious  constituent,  and  it  is 
always  desirable  that  this  should  be  as  low  as  possible :  in  coke  of 
first  quality  it  should  be  under  1  per  cent.  Sulphur  is  derived  from  two 
sources  : — (1)  The  impurities,  such  as  iron  pyrites  and  gypsum,  which 
are  always  mechanically  mixed  with  the  coal,  and  (2)  the  sulphur 
which  enters  into  the  composition  of  all  varieties  of  coal.  The  former 
source  of  this  impurity  can  be  removed  from  the  coke  before  coking  by 
the  process  of  washing,  but  the  latter  cannot  be  so  removed.  On  distilla- 
tion, a  portion  of  the  sulphur  escapes  in  the  form  of  various  compounds, 
but  it  never  can  be  completely  expelled,  and  although  various  inventions 
have  been  introduced  for  the  purpose  of  reducing  the  amount  of  sulphur 
in  coke,  the  only  method  in  the  writers'  opinion  that  contains  the 
elements  of  success  is  the  treatment  of   coke   whilst   hot  with   steam 

*  Chemical  Technology,  Fuel  and  its  Applications.  By  Messrs.  E.  J.  Mills  and 
F.  J.  Rowan. 
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(which  was  patented  in  1858  by  Messrs.  Claridge  and  Roper)  when 
sulphuretted  hydrogen  is  formed.  One  drawback  to  this  process  is  that 
sensible  quantities  of  carbon  and  hydrogen  are  removed  at  the  same 
time. 

The  ash  is  included  in  the  weight  of  coke  obtained.  The  ash  is  either 
fixed  or  loose.  The  loose  ash  may  be  removed  by  a  process  of  washing, 
but  the  fixed  ash  will  always  remain  ;  it  is  not,  however,  without  its 
advantages,  as  a  small  percentage  of  ash  usually  adds  to  the  mechanical 
strength  of  the  coke. 

The  process  of  coking  may  be  conducted  either  with  or  without  the 
admission  of  air ;  in  other  words,  it  may  either  be  burnt  or  distilled. 
The  former  is  the  process  in  the  ordinary  beehive  coke-ovens  chiefly  used 
in  Great  Britain,  the  latter  in  the  closed  ovens  used  on  the  Continent.  In 
the  former  case,  by  admitting  a  certain  amount  of  air,  and  allowing  the 
coal  to  fiame  until  the  whole  mass  is  incandescent,  the  coal  becomes  fairly 
uniformly  heated ;  in  the  other,  the  heat  being  communicated  from  flues 
in  the  sides  and  bottoms  of  the  ovens,  the  coal  lying  close  to  the  floors 
and  bottoms  of  the  ovens  gets  the  greatest  amount  of  heat.  Thus,  while 
large  circular  ovens  are  used  where  air  is  admitted,  very  narrow  ovens 
are  required  where  the  coking  is  effected  in  a  closed  chamber. 

It  is  important  to  bear  in  mind  that  in  the  latter  case  the  coal  lying 
next  the  walls  and  floor  becomes  coked  first;  and  coke,  being  a  poor  con- 
ductor of  heat,  retards  the  passage  of  the  heat  to  the  central  part  of  the 
charge.  But  the  gases  drawn  off  find  a  readier  passage  where  the  coking 
process  is  least  complete :  a  sort  of  boiling  process  goes  on  in  the  centre, 
and  at  the  top  of  the  charge  gas-bubbles  are  formed,  and  the  coke  tends 
to  become  porous  and  spongy. 

These  differences  of  density  are  roughly  illustrated  in  Fig.  1  (Plate 
XVI.),  in  which  the  densest  coke  is  that  nearest  to  the  sides  and  bottom 
of  the  oven,  and  the  least  dense  in  the  centre.  The  width  of  the  oven 
may  vary  from  1  foot  G  inches  to  2  feet.  It  is  sometimes  argued  that  in 
the  wider  oven  the  actual  amount  of  porous  coke  may  be  greater,  but  the 
proportion  of  it  to  the  whole  charge  is  not  greater  than  in  the  narrow 
oven ;  but  experience  does  not  altogether  support  this  contention. 

Another  foreign  constituent  of  coke  is  moisture.  Coke  attracts  mois- 
ture from  the  air,  sometimes  in  considerable  quantities.  The  tendency  of 
coke  to  absorb  moisture  is  the  reason  of  the  difference  in  the  appearance 
of  coke  slaked  inside  from  that  cooled  outside  the  oven.  Coke  slaked 
inside  the  oven  has  a  silvery  metallic  appearance,  which  is  much  thought 
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of  as  an  evidence  of  quality ;  but  coke  slaked  outside  is  apt  to  be  over- 
watered,  and  in  any  case  loses  muck  of  the  silvery  appearance  referred  to. 

Tke  quantity  of  moisture  in  the  coking  coal  is  a  factor  which  deserves 
careful  consideration.  According  to  a  writer  in  Staid  unci  Eisen*  the 
heat  required  to  evaporate  the  moisture  is  not  only  lost,  but  through  the 
high  percentage  of  moisture  a  diminution  of  the  output  of  coke  takes 
place  through  the  oxidation  of  carbon.  Gaseous  coals,  however,  require 
to  be  put  into  the  oven  in  a  moist  state  (10  to  15  per  cent,  of  water)  if  a 
good  yield  of  coke  is  to  be  obtained  without  sacrificing  the  quality.  If 
dry  coal  be  put  into  the  oven,  a  violent  ebullition  immediately  takes 
place,  the  fine  particles  of  coal  are  carried  off  by  the  draught,  and  spongy 
coke  is  produced  ;  whereas  if  the  coal  be  sufficiently  wet,  the  ebullition  of 
the  gas  is  retarded,  so  that  each  part  of  the  coal  lies  closer,  and  melts 
more  uniformly,  and  better  coke  is  thus  produced.  The  violent  ebullition 
at  the  commencement  of  the  coking  of  a  charge  of  very  gaseous  coal  is 
due  to  the  higher  proportion  of  oxygen  which  these  coals  contain. 

Where  the  oven-gases  are  drawn  off  by  artificial  suction  (as  in  bye- 
product  ovens),  the  use  of  dry,  dusty  coal  is  likely  to  give  rise  to 
obstructions  in  the  pipes  from  the  coagulation  of  the  particles  of  dust. 
Bye-product  ovens  should,  therefore,  be  supplied  with  coal  containing 
from  10  to  15  per  cent,  of  moisture. 

The  other  products,  tar,  ammonia,  and  gas,  go  by  the  name  of  bye- 
products  in  the  manufacture  of  coke.  In  the  beehive  coke-oven  (where 
air  is  admitted)  these  are  completely  destroyed  by  combustion,  but  in 
several  forms  of  closed  ovens  these  are  now  collected. 

(2)  Tar. — This  black,  foetid-smelling  liquid  consists  of  a  mixture  of 
definite  compounds  of  carbon,  with  hydrogen,  oxygen,  nitrogen,  and 
sulphur.     The  compounds  may  be  divided  into  the  following  groups  : — 

(A)  Hydrocarbon  compounds  of  hydrogen  and  carbon,  of  which  two 
different  classes  are  found  in  the  tar  : — (a)  Fatty  hydrocarbons,  such  as 
amylene,  hexylene,  etc  ,  and  (!>)  aromatic  hydrocarbons,  of  which  benzene, 
toluene,  naphthalene,  and  anthracene  are  examples. 

(B)  Acids  and  phenols,  containing  carbon,  hydrogen,  and  oxygen,  of 
which  the  most  important  are  phenol  (carbolic  acid),  cresol,  and 
certain  tar  acids. 

(C)  Bases  containing  carbon,  hydrogen,  and  nitrogen,  amongst  which 
may  be  mentioned  aniline,  pyrrol,  and  chinolin.  Lastly,  certain  neutral 
bodies  are  present. 

*  "  Betrachtungen  iiber  den  Verkokungsprocess,"  1894,  page  203. 


422  RECOVERY  OF  BYE-PRODUCTS  FROM  COKE-OVENS. 

The  character  of  the  tar,  as  well  as  the  yield  from  any  coal,  depends 
on  the  temperature  at  which  the  distillation  is  carried  out.  The  most 
valuable  products  are  benzene,  anthracene,  and  naphthalene,  and  it  is 
found  that  if  the  distillation  be  conducted  at  about  800  degs.  Fahr.  the 
tar  is  lighter  than  water,  and  contains  but  small  quantities  of  these 
bodies  ;  but  that  between  1,700  degs.  and  2,000  degs.  Fahr.  the  tar 
becomes  thicker,  and,  though  smaller  in  quantity,  is  richer  in  these 
hydrocarbon  compounds.  A  further  increase  in  the  temperature,  however, 
tends  to  decrease  their  quantity,  owing  to  the  decomposition  which  they 
suffer  under  the  influence  of  the  high  temperature.  The  admission  of  air 
into  the  closed  oven  during  the  coking  process  (as  in  the  Jameson  oven) 
affects  the  quality  of  the  tar.  Mr.  Watson  Smith  stated*  that  the  tar 
from  this  form  of  oven  had  a  low  specific  gravity,  and  contained  neither 
benzene,  anthracene,  or  naphthalene  ;  whereas  the  tar  from  the  Simon- 
Carves  oven  contained  benzene,  carbolic  acid,  naphthalene^  and  anthracene 
"  in  such  quantities  as  place  it  on  a  level  with  the  best  tars  of  the 
London  gas-works."  To  recover  the  different  constituents  of  the  tar,  it 
is  subjected  to  a  process  of  fractional  distillation,  by  which  it  is  separated 
into  the  following  portions,  according  to  the  temperature  at  which  they 
distil  over  : — 

(a)  First  runnings  (105  degs.  to  110  degs.  Cent.,' or  221  degs.  to  230 
degs.  Fahr.),  which  contain  the  most  volatile  constituents  of  the  tar, 
together  with  appreciable  quantities  of  benzene,  carbolic  acid,  and 
naphthalene. 

(b)  Light  oil  (210  degs.  Cent.,  or  410  degs.  Fahr.),  in  which  are 
found  phenol,  naphthalene,  and  a  little  benzene  and  toluene. 

(r)  Carbolic  oils  (240  degs.  Cent.,  or  4G4  degs.  Fahr.),  containing 
carbolic  acid  and  naphthalene. 

(d)  Creosote  oils  (270  degs.  Cent.,  or  518  degs.  Fahr.),  which  are 
composed  chiefly  of  different  phenols  and  certain  quantities  of  anthracene 
and  naphthalene. 

(e)  Anthracene  oils  (above  270  degs.  Cent.,  or  518  degs.  Fahr.),  in 
which  the  bulk  of  the  anthracene  is  found. 

(/)  Pitch,  which  remains  as  a  residue  in  the  retort. 
A  comparison  of  the  tars  from  the  Otto  and  Simon-Carves  ovens  with 
gas  tar  is  shown  in  the  following  table  :— 
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Table  IV. — Composition  of  Tars. 


Water           

Gas  Tar. 
2-90 

Otto  Coke-ovens. 
2-20 

Simon-Carves 
Coke-ovens. 

2-35 

Light  oil 

4-00 

3-40 

4-24 

Benzol 

0-92 

1-10 

1-22 

Naphtha 

Creosote  oil 

0-20 
8-60 

0-32 
14-50 

0  25 

12-10 

Naphthalene... 
Anthracene  oil 

7-40 
17-40 

670 
27-30 

9-34 

25-50 

Pure  anthracene 

0-60 

0-70 

0  75 

Pitch 

58-40 

44-30 

44-25 

Coke 

15-25 

5-80 

14-46 

Benzene  and  anthracene  are  the  products  which  are  chiefly  recovered 
by  the  coal-distiller,  the  other  products  being  sold,  as  a  rule,  in  the  crude 
state.  Benzene  and  naphthalene  are  largely  used  in  the  manufacture  of 
Sprengel  explosives,  such  as  roburite,  bellite,  ammonite,  etc.  Anthracene, 
the  most  valuable  of  the  bye -products,  is  used  for  the  manufacture  of 
alizarin,  the  dye-stuff  of  turkey  red,  and  from  benzene,  naphthalene,  and 
carbolic  acid,  a  host  of  other  colours  are  prepared  for  dyeing  fabrics. 

(3)  Ammonia. — This  gas  is  derived  from  the  nitrogen  in  the  coal.  The 
ammonia  is  evolved  partly  as  the  free  gas  and  partly  in  the  form  of 
ammonium  sulphide,  ammonium  sulphocyanide,  and  ammonium  cyanide. 

The  nitrogen  in  coal  varies  between  1  and  2  per  cent.,  of  which,  at 
the  most,  one-fifth,  but  sometimes  as  little  as  one-tenth,  is  actually 
obtained  as  ammonia.  The  following  results  were  obtained  by  Dr.  E. 
Schilling*  by  distilling  coal  in  a  gas-retort  at  1,160  degs.  to  1,220  degs. 

Cent.  :— 

Table  V. — Products  of  Distillation  or  Coal. 


i    West 
Description  of  Coal.             phalian. 

English. 

Boldon 

Gas. 

Silesian. 

Bo- 
hemian. 

Saxon. 

Saar. 

Bo- 

hemiau 
Cannel. 

Brown 
Coal. 

Total  nitrogen,  per  cent. 

1-5 

1-45 

1-37 

1-36 

1-20 

1-06 

1-49 

0-52 

Of  100  parts  of  nitrogen, 

left  in  coke 

80 

72 

70 

69 

64 

57 

44 

38 

Of  J  00  parts  of  nitrogen, 

volatilized 

20 

28 

30 

31 

36 

43 

56 

63 

Percentage  yield  of  am- 

monia on  coal  carbonised 

0-248 

0-189 

0-284 

0-237 

0  094 

0-188 

0-22 

0-12 

Nitrogen  as  ammonia  on 

the  total  nitrogen,  per 

cent. 

13-6 

10-8 

17-4 

142 

6-4 

14-8 

12-4 

20-7 

Ammonium  sulphate  (lbs. 

per  ton  of  coal) 

22-3 

170 

25  6 

21-4 

8-5 

16-9 

19  9 

11-0 

In   coke-ovens,  it  would  appear  that  larger  quantities  of  nitrogen 
are  expelled  than  in  the  gas  retort,  Dr.  Watson  Smith  having  shown  that 
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whereas  gas  coke  contains  1*375  per  cent,  of  nitrogen,  beehive  coke 
contained  0*5 11  per  cent.,  and  Simon-Carves  coke  only  0-384  per  cent. 

The  ammonia  and  some  of  its  compounds  are  partly  absorbed  by  the 
water  which  is  produced  by  the  distillation,  and  a  light  brown  liquid  is 
obtained,  called  ammonia-liquor,  but  a  considerable  portion  is  carried 
away  by  the  uncondensable  gases,  from  which  it  is  recovered  by  a  process 
of  washing  with  water.  This  solution  of  ammonia  and  its  salts  is 
mixed  with  lime,  and,  on  heating,  the  gas  is  expelled  and  passed  into 
strong  sulphuric  acid,  when  ammonium  sulphate  is  formed,  and  separates 
out  as  a  white  crystalline  body,  which  can  be  fished  out  from  time  to 
time.  Every  unit  of  ammonia  yields  3*9  parts  of  ammonium  sulphate, 
and  for  every  unit  of  nitrogen  evolved  as  ammonia  4*7  units  of  ammonium 
sulphate  result.  In  the  Otto-Hoffmann  ovens,  so  much  used  in  West- 
phalia, 1  per  cent,  of  ammonium  sulphate,  equivalent  to  22  to  25  lbs. 
per  ton  of  coal,  is  obtained. 

Ammonium  sulphate  is  a  valuable  manure  for  which  there  is 
practically  an  unlimited  demand. 

The  permanent  gases  are  used,  without  further  purification,  as  fuel 
for  heating  the  coke-ovens  and  boilers. 

The  gases  passing  from  the  washers  (specific  gravity  0'399)  have 
roughly  the  following  composition  : — 


Hydrogen  (H) 
Nitrogen  (N)       "1 
Marsh  gas  (CH4)i  "" 

Olefiant  gas  (C2H4) 

Other  hydrocarbon  gases ... 
Sulphuretted  hydrogen  (H2S) 
Carbonic  acid  gas  (C02)    ... 
Carbon  monoxide  (CO) 

49-60 
3503 

0-90 
3-98 
0-50 
1-78 
8-21 

Total         100-00 

Part  of  the  nitrogen  in  coal  is  evolved  as  cyanogen,  which  is  very 
valuable,  as  it  can  be  converted  into  potassium  cyanide,  for  which  there  is 
a  large  demand  for  use  in  gold  recovery  processes.  According  to  Mr. 
Foster*  1*56  per  cent,  of  the  nitrogen  in  coal  is  evolved  as  cyanogen. 
Part  of  the  cyanogen  evolved  is  retained  in  the  ammonia  liquor  as 
ammonium  sulpho-cyanide  and  ammonium-cyanide,  but  the  rest  escapes 
with  the  gas.  According  to  Dr.  "W.  Leybold  f  about  9  to  15  per  cent,  of 
the  cyanogen  passes  away  with  the  gas  as  purified  in  gas-works,  but  as  in 

*  Journal  of  the  Chemical  Society,  1883,  vol.  xliii.,  page  110. 
f  Journal  fur  Gasbeleuchtung. 
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coke  manufacture  iron  oxide  purifiers  are  not  used,  it  is  probable  that 
much  larger  quantities  will  pass  away  with  the  gases,  as  these  purifiers, 
according  to  the  same  authority,  retain  56  to  71  per  cent,  of  the  cyanogen. 
At  present  but  little  attention  has  been  paid  to  the  recovery  of  cyanogen 
from  coke-oven  gases,  and  the  exact  conditions  of  its  production  are  not 
fully  understood,  but  in  gas-works  a  considerable  amount  of  attention  is 
now  being  paid  to  the  subject.  Various  processes  have  been  devised  for 
the  recovery  of  this  gas,  but  the  one  which  seems  to  be  attended  with  the 
best  results  consists  in  passing  the  gas  through  a  solution  of  caustic  soda 
containing  oxide  of  iron  and  sulphide  of  iron  in  suspension,  with  the 
object  of  converting  it  into  sodium  ferro-cyanide,  from  which  the  cyanide 
is  recovered  as  Prussian  blue.  The  writers  understand  that  experiments 
are  now  being  made  with  the  object  of  determining  the  best  means  of 
recovering  this  gas  from  coke-oven  gases. 


From  statistics,  it  appears  that  the  newer  types  of  retort -ovens 
yield,  in  addition  to  an  increase  in  the  weight  of  coke  of  from  12  to  15 
per  cent.,  10  gallons  of  tar  per  ton,  and  22  to  25  lbs.  of  ammonium 
sulphate.  The  values  may  be  taken  at  T6d.  per  gallon  for  tar,  and 
about  £7  per  ton  for  ammonium  sulphate.*  These  amounts  are  equal  to 
Is.  4d.  per  ton  for  the  tar  and  Is.  7d.  for  the  ammonium  sulphate, 
subject  to  the  cost  of  manufacture.  If  the  anthracene  be  recovered,  a 
better  result  is  realized.  A  process  for  the  recovery  of  benzene  is  in 
operation  at  some  of  the  works  in  Germany,  but  it  is  at  present  a  secret 
process. 

II. — Evolution  of  the  Bye-product  Oven. 

Although  coke-ovens  from  which  a  certain  amount  of  bye -products 
were  obtained  had  been  devised  even  as  early  as  the  beginning  of  the 
present  century,  it  was  not  till  about  1878  or  1880  that  ovens  which 
really  gave  satisfactory  results  were  devised.  The  first  successful  oven 
for  the  recovery  of  bye-products  appears  to  have  been  invented  by  Mr. 
Knab,  of  Paris.     This  oven  was  of  the  Coppee  or  retort  type,  with  a  flue 

*  The  prices  for  bye-products  from  1885  to  1895  have  ranged  as  follows  : — 
Table  VI. — Values  of  Bye-products. 


Tar 

Sulphate  of  ammonia 
Benzol 

Kilo- 
gram- 
mes. 

Standard  Prices  in  Shillings  at  Beginning  of  Year. 

1885. 

1886. 

1887. 

1888. 

1889. 

35 

240 

70 

1890. 

36 

240 

63 

1891. 

39 

230 

63 

1892. 

39 

220 
45 

1893. 

29 

200 

39 

1891. 

27 

270 

31 

1895. 

27 

200 

25 

1,000 

1,000 

100 

45 
240 

75 

25 

230 

40 

15 

232 
65 

21 

240 

65 
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under  the  floor,  by  means  of  which  external  heat  was  communicated  to 
the  charge,  and  the  coking  conducted  in  a  closed  chamber,  the  gases 
being  taken  off,  and  the  bye-products  partially  recovered. 

(1)  Carves  Ovens. — Mr.  Carves  improved  upon  the  Knab  oven  by 
introducing  horizontal  flues,  and  in  18G6  he  built  at  Besseges  and 
Terrenoire  a  block  of  ovens  with  distillation-plant,  which  attracted  the 
attention  of  specialists,  and  revived  an  interest  in  the  study  of  the 
question.  In  Germany,  a  plant  on  the  Carves  system  was  erected  at 
Gelsenkirchen,  but  several  important  modifications  in  detail  were  intro- 
duced by  Mr.  Hiissener,  the  engineer  in  charge  of  the  work.  Fifty 
ovens  were  erected,  having  the  following  dimensions: — Length,  29*53 
feet  (9  metres);  breadth,  22'64  inches  (0"575  metre)  ;  and  height,  5'91 
feet  (1*8  metres).  The  charge  was  5*5  tons  of  fine  riddled  coal,  which  was 
equal  to  about  88  per  cent,  of  the  capacity  of  the .  oven,  and  the 
period  of  burning  averaged  sixty  hours.  The  results  obtained  were  as 
follows  : — 

Per  Cent. 

Large  coke 7500 

Small  coke 0-80 

Ash 1-20 

Tar 2-77 

Ammonium  sulphate         ...         ...  ...  1*10 

The  tar  was  very  thin,  and  yielded  on  distillation  58'83  per  cent,  of 
distillate  and  39"51  of  residue  (pitch),  the  loss  being  3"f>5  per  cent.  In 
the  tar  there  was  1*08  per  cent,  of  benzol  (boiling-point  88  degs.  to  140 
degs.  Cent.),  0*39  per  cent,  of  naphthalene,  137  per  cent,  of  phenol  (well 
purified),  and  0*95  per  cent,  of  pure  anthracene. 

The  arrangements  for  taking  off  the  gases  were  as  follows  : — A  cast- 
iron  pipe,  furnished  with  a  valve,  opened  into  the  middle  of  each  oven, 
and  a  system  of  condensation-pipes  was  arranged  on  the  top.  The  gas 
was  then  drawn  through  a  special  exhauster  to  the  condensation-house, 
and  after  the  whole  of  the  condensable  matters  had  been  taken  out, 
the  mixture  of  permanent  gases  was  drawn  through  a  fan  and  pressed 
back  to  the  battery  of  ovens,  where  it  was  utilized  for  heating  the  side- 
walls  and  bottoms  of  the  ovens. 

'Ihis  arrangement  is  somewhat  different  from  that  of  the  original 
Carves  oven.  In  the  latter  the  gases  were  burned  over  an  auxiliary  lire 
under  the  floor  of  the  oven  and  then  passed  on  to  the  passages  in  the 
walls,  through  which  they  streamed  successively,  commencing  at  the  top, 
and  passed  at  last  into  the  flue  leading  to  the  chimney.     The  heating 


Per  Cent. 
8-1 

0-4 

0-3 
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thus  obtained  was  irregular,  the  walls  being  comparatively  cool  and  the 
floor  too  hot,  which  induced  Mr.  Pernolet  in  1870  to  confine  the  heating 
by  gases  to  the  side-walls,  and  to  heat  the  floor  Avith  hand-firing  only. 

Mr.  Hussener  endeavoured  to  do  away  with  the  auxiliary  fire,  and  by 
a  better  division  of  the  gases  and  a  supply  of  heated  air,  to  obtain  greater 
uniformity  in  the  heating  of  the  sides  and  bottoms  of  the  ovens.  The 
gases  were  conducted  into  a  flue  by  means  of  pipes  with  ring-burners  at 
their  terminations,  so  that  a  fresh  supply  of  heat  was  obtained  at  several 
different  points.  The  combustion  appears  to  be  very  complete,  for  the 
resulting  gases  were  found  to  contain  : — 

Carbon  dioxide 

Carbon  monoxide 

Oxygen  

(2)  Simon-Carves  Oven. — In  papers  read  before  the  Iron  and  Steel 
Institute  by  Mr.  Henry  Simon  in  1880*  and  by  Mr.  R.  Dixon  in  1883,f 
an  account  is  given  of  the  results  obtained  from  Carves  ovens  as  modi- 
fied by  Mr.  Henry  Simon,  of  Manchester,  which  are  known  as  the 
Simon-Carves  ovens.  These  ovens  do  not  materially  differ  from  the 
original  Carves  design.  The  side-flues  are  always  horizontal,  and  are 
constructed  in  the  partition-walls  between  the  ovens.  The  ignited 
gases  are  drawn  under  the  floor  of  each  oven  and  then  into  the 
horizontal  flues  in  the  walls,  rising  first  vertically  to  the  top,  and 
then  descending  through  the  lower  flues  (Figs.  2  and  3,  Plate  XVI.). 
The  temperature  is  maintained  by  the  introduction  of  jets  of  gas  into 
the  side  flues,  and  a  steady  temperature  of  upwards  of  2,000  degs. 
Fahr.  is  maintained  during  the  burning  of  the  charges  of  coal.  In 
front  of  the  ovens  is  a  recuperator  of  five  flues,  in  the  second  and 
fourth  of  which  the  heated  gases  circulate  on  their  way  to  the  chimney, 
and  in  the  other  three  the  air  used  for  combustion  in  the  flues  is  heated 
to  a  high  temperature.  The  gases  are  taken  off  and  condensed  in  a 
manner  similar  to  that  already  described. 

(3)  S&met-Solvay  Ocena. — Messrs.  Semet  and  Solvay  patented  in  1881 
a  variation  of  this  construction  by  building  the  arch  of  the  oven  upon 
solid  partition-walls,  and  placing,  on  the  inside  of  these  partition-walls, 
flues  constructed  of  thin  fire-brick,  which  served  merely  as  passages  for 
the  heat,  and  had  no  weight  to  carry.  They  could,  therefore,  be  renewed 
without  interfering  with  the  structure  of  the  ovens.      They  had  the 

*  Journal,  vol.  L,  page  137.         +  Ibid.,  vol.  ii.,  page  494. 
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advantage  also  of  transmitting  the  heat  more  effectually  to  the  charge  in 
the  oven,  not  only  because  the  walls  were  thinner,  but  because  there 
were  sets  of  independent  flues  on  each  side  of  every  oven.  These  ovens 
have  given  most  satisfactory  results,  especially  at  the  works  of  the 
Phoenix  Iron  Company,  Osnabruck,  and  in  Belgium.* 

(4)  Early  Otto  Ovens. — About  the  same  time,  namely,  in  1881,  Dr. 
Otto  adapted  the  Coppee  oven  for  recovery  of  bye-products,  and  although 
the  Otto- Hoffmann  oven  has  now  completely  superseded  its  forerunner,  it 
is  interesting  to  give  a  short  account  of  it.  In  Dr.  Otto's  first  arrange- 
ment, there  were  two  gas  outlets  in  the  roof  of  the  ovt  n,  one  of  which  led 
to  the  exhausters  and  drew  off  the  gases  and  steam,  while  the  other  joined 
the  purified  gases  returned  from  the  condensing-plant,  and  in  combina- 
tion with  the  latter,  passed  through,  first,  the  side  heating-flues,  and 
afterwards  the  floor-flues  on  its  way  to  the  chimney.  Horizontal 
passages  were  provided  over  two  partition- walls  for  heating  the  air 
necessary  to  secure  combustion. 

The  next  improvement  was  to  provide  two  tiers  of  flues  beneath  the 
ovens,  in  addition  to  the  smaller  cool  air-flues,  which  were  again  below 
these.  The  burning  gases  were  then  so  conducted  that  they  entered 
first  into  the  lower  of  these  two  flues,  from  which  vertical  passages 
through  the  walls  of  the  ovens  conducted  them  to  the  roof,  where  they 
passed  over  a  mid-rib,  and  descended  the  adjoining  vertical  flue  till  they 
reached  the  upper  flue  immediately  under  the  floor  of  the  oven.  At  the 
end  of  this  flue,  they  were  conducted  by  a  coupling  pipe,  which  passed  to 
the  outside  and  into  the  adjoining  oven.  By  this  means,  the  heat  which 
the  gases  retained  on  leaving  the  first  oven  were  utilized  in  the  next  oven 
in  the  following  manner  : — In  the  first  twenty-four  hours  after  the  filling 
of  the  ovens,  the  gases  were  simply  drawn  off,  purified,  and  returned  to 
the  second  oven,  and  there  mixed  with  the  waste  gases  coming  from 
the  upper  bottom-flue  of  the  first  oven.  The  object  of  this  arrangement 
was  to  provide  the  necessary  heat  when  the  charge  was  partly  burnt  off, 
and  when  the  heat  arising  from  the  oven  would  therefore  be  partly 
spent,  and  in  the  result  an  equable  heat  was  maintained  throughout 
the  whole  of  the  burning  time.  After  twenty- four  hours,  the  second 
of  the  ovens  was  drawn  and  filled,  and  the  dampers  were  reversed. 
Half  the  ovens  were  drawn  every  twenty-four  hours,  and  each  oven 
burnt  for  forty-eight  hours.  Each  oven  gave  off  a  supply  of  crude  gases 
and  steam,  which  passed  through  the  roof  to  the  condensation-plant. 

*  Trans.  Fed.  Inst.,  vol.  ix.,  page  54. 
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The  working  thus  alternated  from  one  to  the  other  of  the  pair  of 
ovens,  and  the  ovens  never  having  cooled,  the  effect  upon  the  charge  of 
freshly-filled  coal  was  exceedingly  rapid,  which  was  the  main  object  to  be 
attained,  as  it  not  only  produced  denser  coke,  but  a  better  quality  of  bye- 
products.  If  it  was  desired  not  to  take  the  whole  of  the  gases  to  the 
condensation-plant,  the  burnt  gases  could  be  intermixed  with  the  purified 
permanent  gases  and  burnt  with  them  in  the  hot  flues.  If,  however,  it 
was  desired  to  work  the  flues  separately,  all  that  was  required  was  to  con- 
nect the  top  flue  with  that  which  led  to  the  chimney,  instead  of  with 
the  adjoining  ovens. 

(5)  Introduction  of  the  Regenerator  Principle  in  Colcing  Apparatus. — 
The  improvements  in  the  last-mentioned  coke-ovens,  tended  to  a  better 
utilization  of  the  hot  gases,  and  strenuous  efforts  were  made  to  improve 
the  heating  of  the  air  for  assisting  the  burning  of  the  gases  and  to 
increase  the  temperature  of  the  latter  as  far  as  possible  in  order  that 
the  thermal  effect  of  the  burning  of  the  mixture  might  attain  the  desired 
maximum,  but  it  was  only  when  the  addition  of  the  heating  arrange- 
ments on  the  principle  of  the  Siemens  regenerator  was  introduced  that 
a  sufficient  increase  in  the  heating-temperature  was  obtained. 

The  first  embodiment  of  the  regenerator  principle  was  due  to  Mr. 
Gustav  Hoffmann,  who  patented  it  in  May,  1881  ;  and  the  original  idea 
has  been  developed  in  his  subsequent  patents,  extending  up  to  1889.  A 
complete  coke-oven  plant,  with  bye-product  recovery  on  the  Hoffmann 
principle,  was  erected  at  the  Pluto  mine,  in  Westphalia,  in  1884. 

The  co-operation  of  Dr.  Otto  with  Mr.  Hoffmann  has  gradually 
brought  this  type  of  oven  into  the  foremost  place,  and  the  large  majority 
of  the  coke-ovens  now  working  in  Westphalia  are  on  this  principle. 

The  basis  of  the  design  is  that  on  each  side  of  the  row  of  coke-ovens 
there  extends  a  pair  of  regenerators  (or  large  arched  flues)  filled  with 
firebricks,  arranged  in  chequer-form,  which,  by  means  of  the  well-known 
Siemens  reversing-valve,  is  alternately  placed  in  connexion  with  the 
supply  of  .burning  gases  and  air  and  the  oven-flues,  or  with  the  oven-flues 
and  the  chimney. 

The  ovens  are  constructed  with  a  flue  of  considerable  area  running 
beneath  the  floor  of  the  ovens  from  side  to  side,  but  separated  in  the 
centre  by  a  partition.  These  floor-flues  are  in  connexion  with  a  number 
of  vertical  passages,  about  32  in  number,  which  pass  up  the  centre  of  the 
division-walls  between  the  ovens,  and  enter  at  the  top  into  another 
horizontal  flue. 
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The  heated  air  and  gases  from  one  of  the  regenerators  enters  the 
flue  below  the  floor  of  the  ovens  and  passes  up  the  first  vertical  passages 
in  the  oven-walls  into  the  upper  horizontal  flue  until  it  reaches  the 
middle  of  the  oven,  when  it  descends  by  the  vertical  passages  in  the 
other  half  of  the  oven  into  a  flue  beneath  the  oven-floor,  and  thence 
into  the  second  regenerator,  and  so  on  to  the  chimney  (Figs.  4,  5,  and  6, 
Plate  XVI). 

For  various  reasons,  the  previous  heating  of  the  gases  has  been 
abandoned,  and  they  are  now  allowed  to  enter  the  floor-flues  direct  from 
the  condensation-plant  by  means  of  pipes,  as  described  in  connexion  with 
the  Simon-Carves  oven.  By  this  means,  it  is  believed  that  the  liability 
to  explosions  which  might  damage  the  ovens  is  to  a  great  extent  avoided, 
and  the  amount  of  gases  admitted  can  be  regulated  so  as  to  obtain  the 
best  possible  results  from  its  combustion. 

(G)  Latest  Tijpp. — The  latest  form  of  Otto  coke-oven  departs  some- 
what widely  from  the  type  just  described.  The  regenerator  flues 
are  abandoned,  and  instead  a  system  of  burners  on  the  Bnnsen  principle, 
in  rows  of  eight,  are  placed  in  an  arch  under  the  side-flues  of  each  oven. 
A  supply  of  gas  is  conveyed  to  these  burners  by  a  cross  pipe  connected 
with  a  gas-main  running  longitudinally  under  the  fronts  of  the  coke- 
ovens.  The  amount  of  gas  for  each  group  of  burners  can  be  exactly 
regulated,  and  the  temperature  can  be  raised  to  any  desired  degree  and 
maintained  constant  throughout  the  burning  of  the  charge.  The  floors 
of  the  ovens  are  not  directly  heated  (Fig.  7,  Plate  XVI). 

The  normal  type  of  Otto  oven  has  the  following  dimensions  : — 
Length,  32'81  feet  (10  metres)  ;  height,  5-58  feet  (1*70  metres')  ;  and 
width,  23-G2  inches  (0M>0  metres),  slightly  conical.  Such  an  oven  will 
produce  800  tons  of  coke  per  annum. 

There  remains  to  be  described  two  types  of  coke  ovens  which  have 
recently  been  designed,  namely,  those  of  Messrs.  Collin  and  Brnnck. 

(7)  Collin  Ore  a. — There  are  two  types  of  Collin  ovens,  the  vertical 
and  the  horizontal.  The  horizontal  oven  is  somewhat  similar  to  the 
Coppse  oven  in  general  design,  with  certain  important  modifications.  It 
is  usually  about  30  feet  long,  and  varies  in  width  from  1  foot  8  inches  on 
the  side  next  the  ram  to  2  feet  at  the  outlet  side.  The  floors  are  paved 
with  large  firebrick  blocks,  which  it  is  believed  will  require  less  repair 
than  the  usual  brick  floor.  The  introduction  of  the  air  is  so  arranged 
that  the  air  from  each  side  is  conducted  almost  to  the  middle,  and  also 
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to  one-fourth  of  the  length  of  the  oven,  in  divided  passages.  Thus  a  very 
equal  burning  of  the  gases  throughout  the  whole  length  of  the  oven 
results,  and  no  part  of  the  charge  requires  longer  firing  than  the  rest. 
A  considerable  number  of  these  ovens  have  already  been  built,  including 
some  at  Ackton  Hall  colliery,  Pontefract,  and  others  are  in  course  of 
erection. 

Quite  recently,  Mr.  Collin  had  considerably  modified  the  arrange- 
ment of  side-flues,  and  adopted  the  horizontal  instead  of  the  vertical 
type.  The  arrangement  (which  is  shown  in  Figs.  8,  0,  10,  11,  and  12, 
Plate  XVII.)  at  first  sight  appears  to  have  a  close  resemblance  to  the 
Semet-Solvay,  but  unlike  the  latter,  the  flues  are  constructed  in  the  divi- 
sion-walls of  the  oven,  and  extend  only  half-way  across,  the  hot  gases 
passing  forwards  and  backwards  twice  before  going  into  the  waste-flue. 
The  temperature  of  the  gases  is  renewed  by  the  admission  of  unburnt 
gas  which  is  introduced  into  the  flues  by  means  of  metal-pipes,  both  at 
their  outer  ends  and  at  their  inner  ends  in  the  centre  of  the  oven.  It 
is  claimed  for  these  ovens  that  the  temperature  obtained  is  very  high 
and  uniform,  and  that  by  the  arrangement  of  double  horizontal  flues  the 
cooling  of  the  walls  of  the  ovens  which  are  being  drawn  is  to  a  great 
extent  prevented  by  the  heat  given  off  from  their  neighbours  which  are 
burning. 

The  upright  Collin  coke-oven  has  not  yet  been  largely  adopted.  As 
in  the  case  of  the  Appolt  oven,  it  is  emptied  by  opening  the  bottom 
of  the  oven  and  allowing  the  coke  to  drop  out. 

(8)  Brunch  Oven. — The  Brunck  oven,  which  claims  to  combine  the 
advantages  derived  from  the  separate  flues  of  the  Semet-Solvay  oven  with 
the  vertical  arrangement  of  the  flues  adopted  in  the  Otto-Hoffmann  oven, 
has  been  fully  described  in  the  Transactions  of  The  Federated  Institution 
of  Mining  Engineers.*  It  appears  to  be  giving  satisfactory  results,  and 
at  the  present  time  a  considerable  number  are  in  course  of  erection  in 
Germany.  Practical  difficulties  had,  however,  presented  themselves 
(chiefly  due  to  the  position  and  construction  of  the  waste  gas-flues),  and 
these  would  have  to  be  overcome  before  the  Brunck  oven  could  be  con- 
sidered an  unqualified  success. 

All  the  coke-ovens  described  are  usually  erected  in  blocks  of  30  or 
35  ovens  each.  Each  oven  has  two  rising-mains  10  inches  in  diameter 
with   outlet   valves,  which  connect  the  ovens  with  the  general  mains, 

*  Vol.  ix. ,  page  47. 
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The  latter  are  26  inches  in  diameter,  and  run  along  the  whole  length  of 
the  block  of  ovens.  They  are  of  cast-iron,  with  welded  flanges,  and 
without  joints  or  bolts,  so  as  to  render  them  easier  to  clean  out.  The 
waste  gases  are  utilised  for  boiler  heating. 

Gondensing-Plant* — As  in  ordinary  gas-works,  the  volatile  matters, 
which  leave  the  ovens  at  a  temperature  of  600  degs.  to  700  degs.  Cent., 
are  brought  to  the  condensing-plant  by  exhausters.  Before  the  gases 
enter  the  condensing-apparatus,  they  pass  through  three  dust-separators. 
These  are  vertical  cast-iron  cylinders  20  feet  high  and  6  feet  broad. 
The  gases  pass  slowly  through  these  columns  and  encounter  a  spray  of 
weak  ammonia- water,  by  means  of  which  the  dust  is  thrown  down. 
These  columns  also  act  as  coolers,  and  on  leaving  them  the  temperature 
of  the  gases  is  greatly  reduced.  The  spray  takes  up  ammonia,  and  flows 
with  the  thick  tar  into  a  ground  tank,  which  will  hold  320  tons,  into 
which  the  condensed  products  pass  and  separate  according  to  their 
respective  specific  gravities. 

The  gases  then  pass  through  two  rows,  each  consisting  of  four  vertical 
gas-coolers.  These  are  21  feet  high,  and  contain  eighty-eight  cooling 
pipes  4  inches  in  diameter,  so  that  a  cooling-surface  of  2,300  square  feet 
is  obtained.  Cold  water  drips  on  these  pipes,  and  the  gases  are  efficiently 
cooled.  The  precipitated  products  flow  into  the  ground  tank  already 
mentioned. 

From  the  gas-coolers,  the  gas  passes  through  three  purifiers  to  the 
special  washing  apparatus.  The  purifiers  are  4  feet  high  and  6  feet  6 
inches  square.  The  gas  is  again  soaked  in  ammonia  water,  and  gives 
up  almost  all  the  remaining  tar-products,  which,  with  the  enriched 
ammonia-water,  flows  into  the  tank.  After  passing  through  these 
purifiers  the  gas  passes  through  four  exhausters,  each  of  80,000  cubic  feet 
capacity  at  80  revolutions  per  minute.  Two  of  these  exhausters  are  in 
use  at  one  time,  and  the  other  two  are  held  in  reserve.  Behind  the  ex- 
hausters, which  now  force  the  gases  onward,  stands  a  round  cooler  b\  feet 
in  diameter,  and  25  feet  high,  with  91  cooling-tubes,  each  3  inches  in  dia- 
meter. From  here,  the  gas  passes  at  a  very  moderate  temperature  (about 
25  degs.  to  30  degs.  Cent.)  into  three  scrubbers.  These  are  9  feet  in  dia- 
meter, and  9 \  feet  high.  Each  scrubber  is  divided  into  seven  parts, 
separated  by  horizontal  partitions.     The  gas  on  leaving  the  scrubbers  has 

*  These  particulars  are  taken  from  Mr.  Simmerbach's  paper  on  "  Die  Forts- 
chritte  der  Koksfabrication  in  Oberbergamtsbezirk  Dortmund  in  den  letzen  10 
Jahren."  Zeitschrift  fur  da*  Berg-,  Hiitten-  und  Salinen-tvesen  im  PreusMschen 
Staate,  1S96,  vol.  xliv.,  page  402,  and  plates. 
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parted  with  the  last  traces  of  ammonia.  It  now  passes  into  a  gas-holder 
27  feet  in  diameter,  under  3  inches  of  water-pressure.  Thence  the  gas  is 
conveyed  by  a  cast-iron  main  (12  inches  in  diameter)  to  the  coke-ovens. 
By  means  of  a  valve  the  gas  can  be  turned  on  to  either  of  the  two  blocks 
of  ovens,  to  which  it  is  led  by  two  ranges  of  pipes  10  inches  in  diameter. 
Branch-pipes  take  off  a  supply  for  each  separate  oven  as  required,  each  of 
which  is  fitted  with  a  nozzle-cock. 

In  the  further  treatment  of  the  ammonia-liquor,  it  is  pumped  into  a 
tank  20  feet  long,  divided  into  two  compartments.  One  of  these  is  for 
the  strong  liquor,  which  goes  direct  to  the  ammonia-factory,  and  the 
other  compartment  is  used  for  the  weaker  liquor  from  the  scrubbers. 

In  the  ammonia-factory  there  are  three  distilling-apparatuses,  each 
yielding  about  6,600  gallons  per  twenty-four  hours,  in  which  the  ammonia- 
liquor  is  boiled  by  steam.  The  steamed  ammonia  flows  into  leaden  boxes 
under  leaden  bells,  and  is  mixed  with  sulphuric  acid  of  41  degs.  Baume 
strength.  In  these  tanks  the  ammonia  is  absorbed  by  sulphuric  acid,  and 
becomes  ammonium  sulphate.  The  steaming  and  manufacture  of  ammo- 
nium sulphate  requires  from  12  to  19  hours  for  fat  coals,  and  20  to  40 
hours  for  lean  coals. 

Near  the  ammonia-tank  is  a  large  tar-tank,  into  which  all  the  tar 
from  the  low-level  tanks  is  pumped.  There  is  also  a  tank  of  clear  water 
for  the  coolers,  etc. 

The  engines  for  driving  the  condensation-plant,  pumping  the  water, 
and  driving  a  fan  to  force  the  air  through  the  regenerator-flues  of  the 
coke-ovens  are  in  duplicate— one  used  during  the  daytime,  and  the  other 
at  night.  They  each  have  cylinders  16  inches  in  diameter  by  26  inches 
stroke,  a  fly-wheel  9  feet  in  diameter,  and  a  driving-pulley  6  feet  in  dia- 
meter and  2  feet  wide. 

Fig.  13  (Plate  XVII.)  represents  a  Collin  condensation-plant,  and 
two  batteries  of  coke-ovens. 

Conclusions. 

Coke. — There  can  be  no  doubt  that  the  flame  and  smoke  which 
issue  from  open  coke-ovens  in  Britain  represent  a  large  amount  of 
money  lost,  not  only  in  bye-products  but  in  coke.  In  retort-ovens  15  to 
20  per  cent,  more  coke  is  usually  obtained  of  a  harder  and  denser 
nature  than  in  bee-hive  ovens.  For  a  time,  the  coke  produced  in  retort- 
ovens  may  suffer  in  price  on  account  of  its  duller  appearance,  but  the 
coke  now  made  in  the  best  ovens  is  really  so  good  that  it  can  not  be 
long  before   this   prejudice   is   overcome,    and  its  fair  market  value 

35 
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obtained.  When  the  ovens  are  in  good  order,  there  appears  to  be  very 
little  spongy  coke  made,  but  this  result  can  only  be  obtained  by  making 
the  ovens  of  the  correct  width  to  suit  the  nature  of  the  coal  to  be  coked. 
In  the  case  of  a  rich  coal,  the  oven  should  be  made  wider  than  in  the  case 
of  a  poor  coal.  The  temperature  yielding  the  best  results  will  also 
differ  with  different  classes  of  coal,  but,  generally  speaking,  higher  tem- 
peratures produce  the  best  results. 

With  retort-ovens  the  labour  is  less  costly  than  with  bee-hive  ovens. 
The  pushing  out  of  the  whole  charge  by  means  of  a  ram  in  about  two 
minutes  is  obviously  a  simple  and  economical  way  of  effecting  the  dis- 
charge, and  what  is  still  more  important,  the  temperature  of  the  oven 
walls  is  lowered  comparatively  little,  and  the  fresh  charge  when  put  in 
is  instantaneously  ignited.  The  number  of  men  required  for  a  block  of 
ovens  is  as  follows  : — One  man  at  the  ram-engine,  one  man  at  the 
windlasses  to  raise  the  oven-doors,  and  two  men  to  water  the  coke.  The 
filling  of  the  ovens,  and  the  loading  of  the  coke  into  waggons  is  per- 
formed by  other  men. 

Bye-products. — The  quantity  of  bye-products  to  be  obtained  from  any 
description  of  coal  depends  entirely  on  its  composition,  but  while  it 
may  be  said  that  almost  any  kind  of  coking  coal  can  be  coked  in 
retort-ovens  (which  is  not  the  case  with  bee-hive  ovens)  it  is  the 
richer  bituminous  coals  from  which  satisfactory  results  in  the  matter  of 
bye-products  can  alone  be  anticipated.  The  cost  of  the  provision  of  the 
necessary  plant  may  be  taken  roughly  at  about  10s.  per  ton  of  fuel 
coked  per  annum,  or  £25,000  for  50,000  tons  of  coal.  The  results 
obtained  may  reach  in  favourable  cases  at  the  present  prices  of  tar, 
sulphate  of  ammonium,  and  benzol  as  much  as  4s.  6d.  per  ton  of  coal 
coked,  or  £11,250  per  annum  ;  a  sum  which,  after  allowing  a  liberal  sum 
for  the  redemption  of  capital,  leaves  a  margin  of  profit  not  to  be  obtained 
in  other  branches  of  the  coal  trade.  If  to  this  profit  on  bye-products  be 
added  the  value  of  the  extra  15  per  cent,  of  coke  obtained  from  retort- 
ovens,  and  the  economy  in  labour,  it  will  be  seen  that  the  policy  of  adopt- 
ing this  method  of  coking  offers  very  great  inducements  to  the  expendi- 
ture of  the  necessary  capital  where  the  coals  to  be  treated  possess  the 
necessary  qualities. 

On  the  other  hand,  there  are  considerations  which  require  very 
careful  consideration,  and  especially  in  this  country. 

Working. — The  working  of  the  ovens  is  perhaps  a  more  important 
question  than  appears  at  first  sight.      Bye-product  retort-ovens  must 
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be  worked  without  intermission  night  and  day,  Sundays  included,  and 
nothing  must  allow  this  working  to  be  intermitted.  If  the  ovens  are 
not  drawn  and  re-charged,  the  moment  the  coking  process  is  completed 
the  temperature  falls,  and  the  next  charge  is  not  properly  burnt. 
Provision  must  be  made  for  a  supply  of  slack  coal  for  holidays  or 
stoppages  of  the  mines,  due  to  accidents.  In  this  country,  owing  to  the 
frequency  of  labour  disputes,  this  is  a  more  serious  contingency  than 
it  is  in  Germany,  where  these  unfortunate  occurrences  are  less 
frequent.  In  case  of  an  extended  strike  in  a  district,  slack  coal  will 
not  be  procurable,  and  the  ovens  will  of  necessity  have  to  be  extin- 
guished, and  such  a  stoppage  will  do  the  ovens  more  harm  than  months 
of  regular  working.  The  pipes  conveying  the  bye-products  require 
constant  care,  or  they  will  soon  become  closed  and  so  cause  a  stoppage. 
In  the  case  of  an  over-production  of  coke,  the  coke  will  either  have  to 
be  stocked  or  forced  upon  the  market  at  very  low  prices.  With  a  view 
to  minimize  the  chances  of  breakdown  of  any  part  of  the  plant,  involving 
interruption  of  working,  all  German  plants  are  erected  in  duplicate  and 
worked  alternately,  so  that  one  plant  can  be  repaired  or  cleaned  while 
the  other  continues  at  work. 

Results. — The  actual  amount  of  bye-products  obtained  from  60  Otto 
coke-ovens  at  the  Constantine  the  Great  colliery,  Bochum,  is  stated  to 
be  as  follows  : — Ammonium  sulphate,  about  1*37  per  cent.,  or  80  to  90 
tons  per  month ;  tar,  about  2*1  per  cent.,  or  200  tons  per  month  ;  the 
coal  coked  being  about  7,000  tons  per  month. 

We  have  seen  other  results  equal  to  and  even  better  than  this,  but  as 
the  amount  of  bye-products  depends  on  the  composition  of  the  coal  in 
each  case,  no  figures  can  be  taken  as  a  guide  to  the  yield  which  some 
other  coal  will  give.  This  variation  in  the  produce  from  different  coals 
should  be  borne  in  mind  when  comparing  the  results  obtained  from 
different  types  of  ovens.  Thus  with  Durham  (busty-bank  seam)  coal, 
the  average  result  of  twelve  months'  working  of  70  Simon-Carves  ovens 
at  Malton  colliery  gave  62  tons  of  coke  per  oven  per  month ;  the  amount 
of  tar  obtained  was  4*18  per  cent. ;  of  sulphate  of  ammonium,  1*5  per 
cent.  ;  and  150  gallons  of  30  per  cent,  crude  naphtha  per  month.  The 
yield  of  coke  from  these  ovens  has,  however,  been  lately  considerably 
increased.  Equally  satisfactory  results  have  been  obtained  from  Semet- 
Solvay  coke-ovens. 

Waste  Heat. — The  patentees  of  various  retort-ovens  are  inclined  to 
overstate  the  amount  of  heat  available  for  boiler-heating.     It  may  be 
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said,  however,  that  60  ovens  are  usually  supposed  to  be  capable  of 
heating  about  five  Lancashire  boilers  (8  feet  in  diameter),  the  steam 
pressure  being  about  120  lbs.  per  square  inch.  Water-tube  boilers  also 
are  in  use  with  gas-firing,  which  are  stated  to  yield  very  good  results. 

Benzol  and  Cyanogen. — The  last  development  is  the  erection  of  plants 
for  the  recovery  of  benzol.  These  plants  are  stated  to  be  quite  success- 
ful, but  the  process  is  carefully  kept  secret.  The  cost  of  a  benzol  plant 
is  said  to  be  about  £10,000.  Although  cyanogen  is  not  yet  recovered 
on  a  working  scale  there  is  little  doubt  that  this  important  development 
is  on  the  eve  of  accomplishment. 

When  the  vast  number  of  valuable  substances  to  be  obtained  from 
the  distillation  of  coal  are  considered,  one  cannot  doubt  that  the  German 
chemist  will  continue  to  add  to  the  number  of  valuable  products  now 
wasted  wholesale  in  the  production  of  coke  through  the  ignorance  of 
manufacturers.  What  has  already  been  accomplished  is  a  remarkable 
testimony  to  the  value  of  pure  science  to  practice,  and  it  should  be 
remembered  that  not  only  does  the  recovery  of  waste  products  enrich 
German  collieries,  but  it  constitutes  a  weapon  in  their  hands  enabling 
them  to  compete  with  us  in  the  production  of  cheap  coke,  and  the  coke 
trade  of  our  country,  if  unprovided  with  similar  means  of  revenue,  must 
inevitably  suffer. 


The  Chairman  said  that  one  of  the  most  absorbing  questions  of 
interest  at  the  present  time  amongst  soft  coal  collieries  was  the  produc- 
tion of  coke  and  the  description  of  coke-ovens  to  be  erected.  Durham 
coking  collieries  would  not  last  many  years  longer,  and  he  was  assured 
that  in  a  few  years  it  would  be  necessary  for  more  coke-ovens  to  be 
erected  in  the  Yorkshire  district.  Those  members  who  knew  something 
of  coking  in  the  county  of  Durham — he  had  had  the  management  of  a 
coking  colliery  in  that  county — would  find  that  coke  from  the  open-topped 
bee-hive  coke-ovens  was  hardest,  and  contained  less  sulphur  than  coke 
from  any  other  form  of  oven. 

The  Germans  did  not  appear  to  use  coke  for  the  same  purposes  as 
they  did  in  this  country.  What  suited  the  German  furnaces  might  not 
suit  British  blast-furnaces.  Care  would  be  necessary  in  the  introduction  of 
retort  coke-ovens  into  the  Yorkshire  district,  otherwise  a  coke  might  be 
produced  which  was  not  required. 
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Mr.  Durnford  (Acton  Hall  colliery)  stated  that  50  coke-ovens  of  the 
Collin  type  had  been  erected  at  Acton  Hall  collieries.  They  were 
started  last  year,  and  up  to  the  present  time,  they  had  given  satisfactory 
results.  He  could  state,  without  the  possibility  of  contradiction,  that 
the  coke  produced,  when  once  they  had  overcome  the  objections  to  its 
appearance,  was  equal  to  the  best  South  Yorkshire  coke.  The  average 
output  was  500  tons  per  week,  the  time  of  burning  the  coal  in  the  ovens 
was  44  to  48  hours,  and  the  average  amount  of  sulphur  was  only  T06 
per  cent.  The  Barnsley  bed  in  that  part  of  the  country  was  not  equal 
to  the  seam  as  worked  in  South  Yorkshire,  as  it  contained  more  dirt  and 
pyrites,  which  had  to  be  removed  by  washing.  The  coke  was  harder  than 
any  coke  which  went  from  their  county,  and  most  of  it  was  used  at  blast- 
furnaces. He  had  an  opportunity  a  short  time  ago  of  seeing  the  bye- 
product  arrangements  at  Messrs.  Peases'  Roddymoor  colliery,  Durham, 
and  he  believed  that  a  bye-product  plant  would  yield  satisfactory 
pecuniary  results.  The  coke  was  as  good  as  when  made  in  bee-hive  coke- 
ovens. 

Mr.  C.  E.  Rhodes  (Aldwarke  Main  colliery)  moved  a  vote  of  thanks 
to  the  writers  for  their  interesting  paper  on  a  very  important  subject. 
The  results  of  many  experiments  with  plants  for  the  recovery  of  the 
bye-products  of  coke-making,  which  had  been  made  in  the  last  20  years, 
would  not  induce  people  to  adopt  that  branch  of  coke-making  with  any 
amount  of  enthusiasm.  There  was  in  this  country  a  great  prejudice  as 
to  the  character  and  appearance  of  coke,  and  there  was  a  difficulty  in 
selling  it.  The  experience  of  those  using  it  was  that  for  all  practical 
purposes  it  was  equally  as  good,  and  gave  as  good  a  result  for  blast- 
furnace purposes  as  bee-hive  coke.  Whether  it  could  be  made  as  use- 
ful for  steel-melting  and  other  processes  had  yet  to  be  proved.  Such  a 
plant  as  that  described  by  Mr.  Walker  to  obtain  the  bye-products  involved 
a  heavy  outlay,  and  before  committing  themselves  to  undertake  such  an 
outlay  they  should  proceed  with  considerable  caution,  and  gather  all 
possible  information. 

Mr.  Schroller  (Durham)  wrote  that  a  great  deal  of  the  divergence 
of  opinion  of  engineers  on  the  merits  or  demerits  of  the  different  coke- 
oven  constructions  now  attracting  the  attention  of  owners  of  collieries, 
blast-furnaces,  and  foundries  rested  upon  the  outward  appearance  of  the 
coke.  From  the  facts  deduced  so  far,  it  was  extremely  doubtful  whether, 
for  instance,  vertical  side-flues  had  any  effect  upon  the  apparent  better 
quality  of  Westphalian  coke,  and  in  support  of  this  he  might  mention  as 
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a  fact  that  at  Bilbao,  Spain,  where  there  were  140  Simon-Carves  coke- 
ovens  working  with  horizontal  flues,  the  coke  produced  when  using 
Westphalian  coal,  which  frequently  had  to  be  done,  was  of  as  good  an 
appearance  as  any  of  the  best  coke  produced  in  "Westphalia  itself  in 
vertical  flued-ovens.  In  engineering,  like  any  other  science,  every 
operation  necessitated  time,  if  it  was  required  to  be  done  with  the  utmost 
efficiency.  For  this  reason,  he  called  vertical-flued  coke-ovens,  scientifi- 
cally speaking,  a  barbarism,  because  their  length  of  5  or  6  feet  was  not 
sufficient  to  give  the  gases  the  necessary  time  to  part  with  the  requisite 
percentage  of  heat  units  when  in  contact  with  the  side-walls  of  the 
ovens.  In  the  case  of  Otto  coke-ovens,  this  was  demonstrated  by  their 
constructors  themselves  in  more  than  one  way.  They  had,  for  instance, 
of  late,  tried  the  effect  of  changing  at  quicker  periods  the  current  for 
the  production  of  hot  air  for  combustion  in  their  regenerator  ;  and  he  was 
told  that  they  were  changing  the  current  now  every  20- minutes  against 
every  2  hours,  as  formerly  ;  and  further,  more  recently  still,  the  want  of 
greater  heat  had  driven  them  to  the  extraordinary  complication  of 
introducing  many  hundreds  of  Bunsen  burners,  to  the  extent  of  about 
1,000  in  the  case  of  a  group  of  60  ovens.  He  did  not  think  that 
British  workmen  would  lend  themselves  very  readily  to  attend  efficiently 
to  such  complicated  arrangements. 

Even  if  Dr.  Otto  was  not  using  this  arrangement  now,  it  was  in  itself 
the  severest  condemnation  of  his  former  coke-ovens,  for  it  showed  that 
Otto  coke-ovens  required  more  heat  at  the  bottom  than  they  actually 
attained  by  the  present  ordinary  construction,  and  that  he  was  trying  to 
get  it  by  this  complicated,  unreliable  means,  requiring  untold  attention. 

On  the  other  hand,  the  continuous  horizontal  side-flues  of  the  Simon- 
Carves  construction  of  coke-ovens,  together  with  the  application  of  hot 
air  from  the  recuperator,  appeared  to  offer  all  that  was  necessary  for  the 
efficient  utilization,  in  every  part  of  the  charge,  of  the  heat  of  the  gases 
of  combustion.  The  following  temperatures  were  ascertained  in  the 
different  flues  (by  a  Gilterman  calorimeter)  at  one  of  the  Simon-Carves 
coke-oven  establishments,  where  there  was  one  burner  to  each  oven,  and 
a  coal  was  used  containing  only  20  to  21  per  cent,  of  volatile  matter, 
viz.: — 

Deg.  Cent. 

Sole-flue  ...  1,330 

Recuperator    ...             ...  ...             ...  ...        562 

Top  horizontal  flue        ...  ...             ...  ...  1,200 

Two  middle  horizontal  flues  ...             ...  ...  1,320 

Two  middle  horizontal  flues  ...             ...  ...  1,130 

Lower  horizontal  flue   ...  ...             ...  ...  1,150 
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The  flues  of  the  vertical  type  of  construction  cannot  be  properly 
inspected  when  at  work  as  can  the  horizontal  flues  of  the  Simon-Carves 
coke-oven ;  and  as  in  the  case  of  the  Otto  vertical  flues  the  gases  naturally 
go  by  the  shortest  way  to  the  outlet,  some  parts  of  the  oven-charge,  and 
notably  the  upper  part  near  the  doors  does  not  become  coked,  hence  it 
was  customary  not  to  fill  the  oven  quite  full  against  the  doors,  but  to 
leave  a  vacant  triangular  space  at  the  doors.  In  comparing  the  Simon- 
Carves  British  with  the  Otto  "Westphalian  practice,  as  regards  time 
required  for  coking,  it  should  be  borne  in  mind  that  Westphalian  coal 
contains  little  tar  and  cokes  consequently  faster  than,  for  instance,  some  of 
the  highly  bituminous  British  coals.  And  as  regards  the  good  appearance 
of  the  Otto  Westphalian  coke  it  had  probably  yet  to  be  proved  whether 
this  good  appearance  was  not  being. obtained  at  the  expense  of  a  diminished 
yield  of  bye-products.  He  would  also  like  to  mention  that  the  greater 
solidity  of  construction  of  the  Simon-Carves  ovens  was  the  result  of  about 
25  to  30  years'  practical  experience. 

Mr.  Long  den  (Stanton)  seconded  the  vote  of  thanks  to  the  writers 
for  their  paper  upon  a  highly  interesting  subject — one  in  which  other 
people  were  interested  besides  colliery  proprietors,  as  blast-furnace  owners 
they  had  unfortunately  to  buy  coke,  and  the  question  of  its  brightness  was 
one  which  they  could  not  afford  to  ignore.  As  far  as  they  were  concerned, 
they  (at  Stanton)  preferred  coke  burnt  in  bee-hive  coke-ovens,  but  if 
there  was  advantage  to  be  gained  by  erecting  plant  for  the  recovery  of 
the  bye-products,  considering  the  price  to  which  sulphate  of  ammonia  had 
fallen  and  to  which  it  might  go,  they,  as  mining  engineers,  should  be  to 
the  fore  in  the  matter. 

The  motion  was  agreed  to. 


The  meeting;  was  then  closed. 
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MIDLAND  INSTITUTE   OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  April  24th,  1897. 


Mr.  GEO.  BLAKE  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following  gentleman  was  elected,  having  been  previously  nomi- 
nated : — 

Associate  Member — 
Mr.  George  Henry  Nuttall,  Deputy,  67,  Craven  Road,  Darnall,  Sheffield. 


BARNSLEY  MINING  SCHOOL. 

The  President  said  that  there  were  now  four  bodies  in  Barnsley 
receiving  grants  from  the  County  Council,  all  carrying  on  their  work  on 
independent  lines,  and  the  result  was  a  waste  of  money  and  of  teaching 
power.  His  paper  contained  a  description  of  the  Bochum  Mining  School, 
where  the  students  studied  four  hours  a  day  after  the  usual  day's  work  was 
over  in  the  mine.  He  recognized  very  clearly  that  they  could  not  ask  their 
local  young  men  to  give  up  all  their  time  as  the  German  young  men 
were  willing  to  do,  and  it  was  part  of  the  proposal  that  they  should 
be  invited  to  give  three  hours  on  four  clays  of  the  week,  that  a  school 
should  be  founded  to  be  called  the  Barnsley  Mining  nnd  Science  School, 
where  instruction  would  be  afforded  in  mining  engineering  and  textile 
technology,  mechanical  engineering,  and  other  subjects  in  which  the 
town  and  district  of  Barnsley  was  interested,  together  with  instruction 
in  the  sciences  which  were  necessary  for  the  proper  understanding  of 
these  practical  subjects.  There  should  be  a  resident  science  master 
with  competent  assistants,  teachers  of  engineering,  drawing,  and,  perhaps, 
building-construction,  etc.     The  funds  now  spread  over  four  different 
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bodies  should  be  combined,  and  would  form  an  adequate  endowment  for 
such  a  school.  The  County  Council,  School  Board,  and  Corporation  of 
Barnsley  would  have  the  right  of  granting  scholarships,  and  outsiders 
could  attend  on  payment  of  fees.  It  should  be  an  absolute  condition, 
that  those  persons  who  became  students  of  this  school,  even  if  they  were  a 
small  number,  should  give  four  days  a  week  and  three  hours  per  day  to 
their  studies.  It  might  be  argued  that  students  would  not  attend.  He 
would  be  content  if  the  beginning  was  small.  He  could  only  hope  that 
people  would  become  more  impressed  with  the  value  of  technical  instruc- 
tion, that  they  would  make  the  sacrifice,  and  that  they  should  have  in 
the  end  a  valuable  institution. 

Mr.  W.  E.  Garforth  (West  Riding  collieries),  approved  of  the 
suggestion  made  by  the  President,  and  thought  that  the  scheme  was 
capable  of  affording  the  same  advantages  to  the  people  of  Barnsley  and 
district  as  he  knew  from  actual  visits  to  Bochum  and  other  towns  in 
Westphalia  that  they  were  receiving  in  Germany. 

Principal  Bodington  (Leeds)  remarked  that  in  any  proposal  to  spend 
public  money  in  organizing  a  school  more  or  less  on  the  model  of  the 
school  at  Bochum,  or  any  other  continental  school,  the  members  must 
not  blind  themselves  to  the  very  different  conditions  with  which  they 
had  to  deal  from  those  in  Germany.  In  the  first  place,  it  was  essential 
that  in  every  meeting  at  which  a  subject  of  this  kind  came  up  for 
discussion  the  very  backward  state  of  British  elementary  education  should 
be  carefully  kept  in  view.  One  great  difficulty  in  getting  students  at 
the  Barnsley  school  in  the  past  had  been — and  he  believed  in  the 
immediate  future  would  be — that  the  elementary  education  of  those  who 
might  be  expected  to  attend  the  classes  was  so  defective  that  they  could 
not  take  the  advantage  which  they  should  do  of  technical  training.  In 
addition  to  the  instruction  given  at  Barnsley,  there  had  been  a  good 
deal  of  peripatetic  instruction  in  coal-mining  given  in  the  district.  In 
some  cases  an  average  attendance  of  40  or  50  had  been  present,  in  other 
cases  an  average  attendance  of  80  or  90,  and  in  other  cases  a  larger 
attendance  still.  Out  of  the  large  numbers  who  attended  the  peripatetic 
lectures,  very  few  presented  themselves  for  examination.  The  examina- 
tions had  been  conducted  by  Prof.  Merivale,  of  Newcastle-upon-Tyne, 
who  said  that,  with  few  exceptions,  the  elementary  education  of  the 
students  was  so  deficient  that  though  they  possessed  the  knowledge  they 
could  not  express  themselves.  Neither  their  writing,  nor  spelling,  nor 
power  of  expression  was  such  as  to  enable  them  to  answer  a  simple  paper 
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containing  the  few  elementary  problems  dealt  with  in  the  first  six  lectures 
on  coal-mining.  The  President  knew  that  a  different  state  of  things 
prevailed  in  Germany.  All  who  had  paid  attention  to  German  education 
knew  that  German  elementary  education  was  better,  was  carried  further, 
and  by  means  of  night  schools  was  much  better  retained.  He  did  not 
think  that,  until  they  had  removed  that  stumbling-block,  they  should  at 
all  realize  the  expectations  formed  of  the  centre  at  Barnsley  of  the  kind 
spoken  of  or  any  other  centre.  In  the  second  place,  they  must  remem- 
ber that  the  governments  of  France  and  Germany  attached  a  value  to 
scientific  training  which  was  not  attached  to  it  here.  Looking  at  the 
extremely  practical  character  of  our  people,  and  their  great  devotion  to 
sports  in  the  form  of  physical  exercises,  and  the  various  distractions  to 
anything  like  continuous  study,  he  did  not  believe,  until  they  got  more 
motive  power  behind  young  men,  that  the  abstract  desire  for  study 
would  fill  their  schools.  Apart  from  that,  he  was  much  afraid  there  was 
little  hope  that  they  would  get  young  men  to  attend  twelve  hours  a  week 
after  the  exhausting  labour  of  the  mine.  In  Germany,  the  hours  of 
instruction  were  so  arranged  that  men  could  attend  the  morning  classes 
when  on  the  afternoon  shift,  and  the  afternoon  classes  when  on  the 
morning  shift.  He  might  add  that  in  the  very  admirable  sketch  which 
the  President  gave  of  the  ideal  education  of  the  mining  engineer,  he 
drew  out  a  programme  which  they  were  ready  to  meet  at  the  Yorkshire 
College  or  the  Firth  College  so  soon  as  students  would  enter  for  it.* 


DISCUSSION  UPON  MR.  GEORGE  DUNSTON'S  PAPER  ON 
"THE  EASTERN  EXTENSION  OF  THE  MIDLAND  COAL- 
FIELD, AND  THE  EXPLORATION  AT  SOUTHCAR.  f 

Mr.  J.  Nevin  (Mirfield)  remarked  that  there  was  little  dip  between 
Cadeby  colliery,  3  miles  west  of  Doncaster,  and  the  bore-hole  at  Southcar, 
which  was  5  or  6  miles  south-east  of  Doncaster.  At  Cadeby  colliery,  the 
Barnsley  coal-seam  was  over  2,100  feet  deep,  and  at  Southcar  bore-hole  it 
was  only  3,143  feet,  so  that  in  a  distance  of  8  miles  they  had  only  a  dip 
of  about  1,000  feet.  The  measures  must  be  lying  much  flatter  between 
these  places  than  they  were  to  the  west  of  Cadeby,  unless  there  were  some 
large  faults.  The  cores  showed  that  the  measures  were  almost  flat.  The 
thickness  of  the  red  measures,  which  were  heavily  watered,  would  make 
it  a  very  difficult  colliery  to  sink.     If  the  water  went  down  to  a  depth  of 

*  Tram.  Fed.  Inst.,  vol.  xii.,  page  132.  f  Ibid.,  page  515. 
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1,000  feet,  very  heavy  tubbing  would  be  required.  The  thinness  of  the 
coal-seam  might  be  accounted  for  by  the  great  weight  of  the  rods.  When 
the  diamond  drill  met  a  coal-seam,  the  rods  sank  a  few  inches,  the  water 
washed  out  the  coal,  and  therefore  a  seam  which  showed  10  or  11  inches 
might  possibly  be  found  as  thick  as  3  feet.  The  coal-seams  were  there 
and  in  their  proper  position,  and  were,  perhaps,  thinner  than  at  the 
western  collieries. 

The  President  remarked  that  the  collieries  east  of  Doncaster  would 
be  sunk  through  a  large  area,  drained  by  extensive  artificial  drains.  The 
result  of  mining  at  Southcar  and  other  places  in  the  neighbourhood  of 
Doncaster  would  be  to  convert  the  surface  into  lakes,  unless  the  level  of 
the  ground  was  raised  artificially ;  consequently  anyone  undertaking  a 
colliery  enterprise  would  not  only  have  to  contend  with  the  water  below 
ground,  but  also  with  the  surface-water,  for  which  he  would  have  to  find 
a  way  of  escape.  It  might  affect  not  only  the  lands  immediately  in 
occupation,  but  also  neighbouring  lands,  as  the  entire  drainage-system 
of  the  district  might  be  disorganized  and  very  heavy  claims  might  ensue. 

DISCUSSION  ON  MR.  T.  B.  A.  CLARKE'S  PAPER  ON 
"ELECTRIC    COAL-CUTTING    IN    LONGWALL-FACES."* 

Mr.  W.  E.  Garforth  said  that,  up  to  the  time  when  he  conceived 
the  idea  and  introduced  the  deep-cut  machines  about  4|  years  ago,  the 
depth  of  the  cut  was  usually  from  3  feet  to  3  feet  6  inches.  The  machine 
cut  5^  feet  under,  and  had  cut  as  much  as  102  linear  feet  per  hour,  and 
sometimes  now-only  one  shot  was  fired  per  250  tons  of  coal  got.  The 
height  of  cut  had  been  increased  from  3|  to  5  inches,  really  6£  inches, 
which,  with  the,  improved  form  of  cutter,  did  not  require  additional 
motive  power.  He  attributed  all  the  advantages  that  they  had  gained 
and  the  increased  wages  that  the  men  were  paid  to  this  extra  depth  of 
cut.  The  workman  instead  of  taking  3§  feet  before  him  could  now  take 
5tj  feet  without  the  coal  wedging  itself.  The  output  was  increased  from 
3  tons  5  cwts.  with  hand  labour  to  6  tons  2  cwts.  with  machine-cutting  per 
day.  The  getting  prices  had  been  reduced  from  2s.  l^d.  per  ton  to 
Is.  4^d.  in  the  Silkstone  coal-seam,  and  from  2s.  4|d.  to  Is.  4|d. 
in  the  Haigh  Moor  coal-seam.  By  means  of  improved  tool-holders,  the 
cutters  are  set  out  the  exact  distances  from  the  centre  of  the  wheel  so 
that  13  or  14  cutters  are  at  work  instead  of  7  or  8  cutters  by  the  old 
system. 

*  Trans.  Fed.  Inst.,  vol.  xi.,  page  492;  and  vol.  xii.,  page  45S. 
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Mr.  R.  Routledge  (Garforth  colliery)  asked,  as  there  would  be  a 
space  of  7  feet,  without  timber,  when  the  coal  was  dropped,  whether  any 
difficulty  had  occurred  from  the  roof  ? 

Mr.  Garforth  said  that  so  far  they  had  had  no  difficulty,  although 
the  distance  was  about  8|  feet.  Getting-out  the  coal  and  timbering  was 
practically  the  same  with  machine  as  by  hand  labour.  The  line  of 
fracture  after  the  coal-cutting  machine  was  straight,  whereas  when 
working  by  hand  there  was  a  crooked  irregular  line  of  fracture,  which 
prevented  the  coal  from  breaking  so  freely  as  on  the  machine-cut  face. 
In  the  Haigh  Moor  seam,  with  3|  to  5  feet  of  clod,  immediately  above 
the  coal  and  very  liable  to  break  down,  they  used  less  timber  because 
the  face  went  forward  faster,  and  they  sooner  got  under  a  "green" 
roof.  In  the  Silkstone  seam,  they  used  the  same  value  of  timber,  but 
they  had  had  fewer  accidents  than  when  holing  by  hand.  The  machine 
had  cut  828  linear  feet  in  two  consecutive  periods  of  8  hours,  by  5^  feet 
in  depth,  or  about  2,200  square  feet  per  shift  of  8  hours. 

Mr.  T.  B.  A.  Clarke  (Lidgett  colliery)  remarked  that  the  results 
quoted  by  Mr.  Garforth  were  very  good.  Much  depended  on  the  material 
in  which  the  cut  was  made  as  to  the  time  that  the  cutters  lasted  before  they 
were  changed.  He  thoroughly  endorsed  the  statement  that  increasing 
the  depth,  or  rather  the  width  of  the  cut  from  3^  to  5  inches  did  not 
necessarily  mean  absorbing  power,  as  it  liberated  the  wheel,  reduced  the 
friction,  and  enabled  the  workmen  to  get  down  the  coal  with  greater 
facility.  At  Lidgett  colliery,  the  cut  was  only  4  feet  fi  inches,  but 
machines  were  being  introduced  to  cut  to  a  depth  of  5  feet  6  inches.  It 
was  obviously  a  most  important  thing  that  the  work  should  be  thrown 
equally  on  all  the  cutters  of  the  wheel  rather  than  on  a  few,  and  such  an 
arrangement  should  prove  very  valuable,  because  a  great  deal  of  the 
trouble  met  with  in  coal-cutting  machines  was  occasioned  by  the  difficulty 
of  getting  the  cutters  into  proper  position,  keeping  them  tight  to  their 
work,  and  keeping  them  sharp  and  in  good  working  order. 

The  President  said  that  there  was  no  doubt  they  were  on  the  eve  of 
a  very  great  change  in  a  great  many  directions  in  coal-mining.  For  the 
last  twenty  years,  the  mining  engineer  had  been  gradually  awakening  on 
the  subject  of  coal-cutting.  He  was  only  beginning  to  realize  that  there 
were  practical  machines,  and  within  the  next  ten  years  the  members 
would  see  an  enormous  development  of  mechanical  work  in  mines. 


DISCUSSION—  THE  CAUSES  OF  DEATH  IN  COLLIERY  EXPLOSIONS.      445 

DISCUSSION  UPON  MR.  HY.  E.  MALTBY'S  PAPER  ON  "THE 
ENLARGEMENT  OF  A  SHAFT  AT  LIDGETT  COLLIERY, 
WITHOUT  INTERRUPTION  OF  COAL-WINDING."* 
Mr.  T.  W.  H.  Mitchell  said  that  Mr.  Washington  had  had  the  widen- 
ing out  of  a  staple  pit  from  6  feet  to  9  feet  at  Mitchell  Main  colliery,  and  he 
had  carried  out  the  work  successfully,  without  interrupting  the  ventilation, 
by  using  a  grid  upon  which  the  man  worked.     He  used  the  winding-rope 
as  a  centre-line  ;    removed  18  inches  all  round  the  pit ;    and  bricked  on 
from  each  crib  as  he  came  to  it.      The  debris  was  thrown  below  the  grid, 
and  was  filled  into  tubs  at  the  bottom  of  the  staple. 


DISCUSSION  ON  DR.  JOHN  HALDANE'S  PAPER  ON  "THE 
CAUSES  OF  DEATH  IN  COLLIERY  EXPLOSIONS."! 
Mr.  E.  W.  Thirkell  remarked  that  Dr.  Haldane  pointed  out  that 
invariably  workmen  ran,  after  an  explosion,  by  way  of  the  main 
haulage-road  to  the  downcast  shaft — and  to  that  he  attributed  by  far  the 
greater  proportion  of  deaths — instead  of  not  doing  anything  but  lying 
down  and  keeping  still.  Dr.  Haldane  also  pointed  out  that  after  an 
explosion  there  was  in  many  instances  sufficient  fresh  air  to  support 
human  life,  and  cited  an  instance  where  in  one  case  36  hours  had  elapsed, 
and  owing  to  the  discretion  of  some  officials  a  large  number  of  men 
escaped.  Men  escaped  after  30  hours  at  Parkslip  colliery  because  they 
had  erected  a  thick  stopping  to  keep  back  the  after-damp.  He  pointed 
out  the  necessity  of  proper  arrangements  being  made  at  every  colliery 
between  the  manager  and  deputies  to  provide  for  anything  which  might 
occur.  Nobody  would  admit  that  his  colliery  was  liable  to  explosion  in 
the  ordinary  sense  of  the  word  ;  but  explosions  did  occur,  and  when  a 
member  read  a  paper  with  practical  ideas  it  was  their  duty  to  put  those 
ideas  into  practice.  It  was  most  important  that  every  deputy  in  a  pit 
who  had  charge  of  a  district  should  know  precisely  what  to  do  in  case  an 
explosion  happened — in  order  to  save  as  many  of  his  workmen  as  possible 
by  withdrawing  them  from  the  point  of  danger. 

Mr.  R.  Routledge  (Garforth  colliery)  remarked  that,  at  Micklefield 
colliery,  some  of  the  men  had  erected  brattice-cloth  on  each  side  of 
them.  The  explorers  reached  them  in  26  hours,  but  they  were  all  dead. 
It  was  very  desirable  to  suggest  what  workmen  should  do  after  an 
explosion,  but  they  often  had  not  time  to  do  it. 


*  Trans.  Fed.  Inst.,  vol.  xii.,  page  642.       t  Ibid.  vol.  xi.,  pages  502,  519,  and 
559  ;  and  vol.  xii.,  pages  60,  102,  432,  453,  and  533. 
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MIDLAND    INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Bull  Hotel,  Wakefield,  May  29th,  1897. 


Mr.  G.  B.  WALKER,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The    following   gentleman    was    elected,    having    been    previously 
nominated : — 

Member— 
Mr.  James  Linday,  Colliery  Manager,  Nostell  Colliery,  Wakefield. 


Mr.  Harold  Boxser  read  the  following  paper  on  the  "  Recovery  of 
Cyanogen  and  other  Residual  Products  from  the  Waste  Gases  of  Coke- 
ovens  "  :  — 
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RECOVERY  OF  CYANOGEN  AND   OTHER  RESIDUAL 
PRODUCTS  FROM  THE  WASTE  GASES  OF  COKE-OVENS. 


By  HAROLD  BONSER. 


This  paper  contains  a  description  of  the  Holmes  scrubber  and  appli- 
ances for  the  extraction  of  ammonia  and  other  residual  products  from 
the  waste  gases  of  coke-ovens  ;  and  it  is  more  especially  written  in  order 
to  direct  the  attention  of  members  to  the  extraction  of  cyanogen.  In 
recent  years  a  demand  has  arisen  for  various  cyanides.  Potassium  or 
sodium  cyanide  possesses  very  active  properties  in  dissolving  metals, 
such  as  fine  gold  left  in  a  state  of  fine  division  in  tailings ;  and  other 
methods  of  recovery  are  now  dispensed  with,  owing  to  cyanide-extraction 
procuring  a  greater  percentage  of  gold.  Cyanides  are  also  extensively 
employed  as  metallic  solvents  for  gilding,  electro-plating,  etc.  Ferro- 
cyanides  are  manufactured  for  conversion  into  cyanides,  and  sulpho- 
cyanides  are  manufactured,  not  only  for  conversion  into  cyanides,  but 
also  for  dying  fabrics. 

The  Holmes  scrubber-washer,  described  hereafter,  is  designed  to  carry 
out  the  purification  of  gas  for  commercial  purposes,  including  the 
extraction  of  cyanogen,  etc.,  and  has  the  following  advantages : — It 
removes  every  trace  of  the  tar  that  may  escape  condensation  in  the 
condensers;  it  is  self-cleaning,  as  the  scrubbing  discs  never  become 
clogged  with  tar,  and  its  efficiency  does  not  fall  off  with  use ;  it  produces 
liquor  up  to  30  ounces  strength,  and  higher  strengths  can  be  obtained 
if  desired  ;  the  quantity  of  washing-water  is  reduced  to  a  minimum, 
with  consequent  avoidance  of  loss  of  valuable  illuminants  from  the 
gas  by  their  solution  in  the  washing-water  ;  the  scrubbing  is  positive  in 
its  action,  and  there  is  no  possibility  of  the  gas  escaping  the  action  of 
the  scrubbing-discs  by  short-circuiting  ;  and  whilst  of  small  compass,  the 
loss  of  gas-pressure  is  nominal,  and  since  the  plant  does  not  clog,  the  gas- 
pressure  does  not  rise  with  use. 

The  complete  installation,  which  is  shown  in  side  elevation  in  Fig.  1, 
has  been  designed  for  practically  applying  the  process  for  obtaining 
cyanides  from  waste  gases,  for  which  Mr.  William  Foulis  obtained  letters 
patent  in  1892. 
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Iron-liquor  is  prepared  in  the  neutralizing-tanks,  A,  by,  for  example, 
dissolving  scrap  iron  in  hydrochloric  acid.  Pipes,  B,  are  connected  to 
a  steam-injector  or  lifter,  0,  which  effects  the  withdrawal  of  the  iron- 
liquor  from  the  neutralizing-tanks,  A, 
and  discharges  it  into  a  storage-tank,  D, 
from  which  it  is  drawn,  as  required,  by 
the  pipes,  E,  into  precipitation-tanks,  F, 
and  is  there  mixed  with  alkaline  car- 
bonate (carbonate  of  soda),  so  that 
carbonate  of  iron  is  produced,  which 
falls  to  the  bottom  of  the  tanks,  F. 
The  supernatant  liquor  is  drawn  off  by 
means  of  jointed  outlet-pipes,  G,  which 
follow  the  liquid  as  it  descends  in  the 
tanks,  F.  Carbonate  of  soda  is  then 
added,  with  a  sufficiency  of  water,  to 
the  carbonate  of  iron  in  the  tanks,  F, 
the  liquor  being  preferably  heated  by 
means  of  a  steam-coil,  or  by  steam  blown 
directly  into  the  liquor.  By  means  of 
pipes,  H,  and  a  steam-injector  or  lifter, 
J,  the  contents  of  the  tanks,  F,  are  de- 
livered into  a  mixing-chamber,  K,  fitted 
with  stirrers,  consisting  of  paddles  on  a 
rotating  shaft.  The  liquor,  with  the  car- 
bonate of  iron  in  suspension,  passes  from 
the  mixing  chamber,  K,  by  the  pipes,  L, 
into  the  horizontal  scrubbers,  M.  The 
rotating  parts  in  the  scrubbers,  M,  and 
in  the  mixing-chamber,  K,  are  driven 
by  suitable  gearing. 

The  gas  from  which  the  ammonia 
has  been  removed,  and  from  which  the 
cyanogen  is  to  be  separated,  is  passed 
through  the  scrubbers,  31,  by  the  pipes,  N, 
passing  from  the  said  scrubbers  by  similar 
pipes  at  the  opposite  end.  The  liquor  from  the  scrubbers,  J/,  which  liquor 
contains  the  cyanogen  removed  from  the  gas  in  the  form  of  sodium  ferro- 
cyanide,  is  pumped  or  rim  by  the  pipe,  P,  into  a  tank,  Q,  from  which  it 
may  be  pumped  by  the  steam-injector  or  lifter,  R,  through  the  pipe,  S,  into 
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a  settling-tower  or  tank,  T,  and  thence  is  passed,  by  the  pipes,  U,  into 
evaporating-pans,  V  V,  preferably  arranged  in  duplicate,  one  pan,  V, 
of  each  pair  being  placed  over  the  flue  and  the  other  pan,  V,  being  placed 
directly  over  the  fire,  the  thin  liquor  being  passed  into  the  latter  pans,  V, 
by  the  pipes,  U'  U'  (by  opening  one  or  other  of  the  upper  valves,  W), 
and  the  thicker  liquor  by  the  pipes,  IP  U2,  by  opening  one  or  other  of  the 
lower  valves  U,  into  the  former  pans,  V,  which  are  subjected  to  a  lower 
temperature  ;  or  the  liquor  may  be  pumped  directly  from  the  tank,  Q, 
into  the  pans  V,  and  there  evaporated  to  a  certain  extent,  after  which  it 
is  run  into  the  pans,  V,  where  the  liquor  is  completely  evaporated. 

The  liquor  from  the  scrubbers,  when  it  has  acquired  sufficient 
strength,  is  drawn  off,  run  into  the  evaporating-pans  and  evaporated 
down  to  a  fluid  paste,  which  is  laid  upon  the  drying-floors  and  allowed  to 
dry,  and  is  very  shortly  formed  into  a  hard  cake  containing  from  85  to 
90  per  cent,  of  ferrocyanide  of  soda,  the  impurities  being  carbonaceous 
matter  and  a  small  quantity  of  uncombined  iron.  It  is  not  considered 
advisable  to  carry  the  process  further  ;  the  cake  is  sold,  and  by  a  process 
not  at  all  complicated  it  is  converted  into  cyanide  of  sodium.  On  an 
average,  5  pounds  of  ferrocyanide  of  soda  is  obtained  from  every  ton  of 
coal,  but  that  yield  depends  in  a  very  great  measure  on  the  temperature 
at  which  the  coal  is  coked  or  carbonized,  and  also  upon  the  quality  of 
the  coal  used. 

Fig.  1  shows  the  complete  plant,  including  the  preparing  of  the 
saturated  liquor  for  use  in  the  scrubbers,  but  this  process  may  be  avoided 
by  purchasing  and  employing  materials  already  made  for  mixing  and 
introduction  into  the  mixing-chambers. 

Cyanogen  is  recovered  as  a  residual  product  in  some  Continental 
works  on  a  somewhat  large  scale,  whereas  in  Great  Britain  but  little  has 
been  done. 

There  does  not  appear  to  be  any  doubt  that  the  system  of  washing  the 
gas  in  chemical  solutions  is  the  best  one  to  adopt,  particularly  in  gas- 
works conducted  under  the  same  conditions  as  those  existing  in  London, 
and  also  where  lime  is  used  in  the  first  purifiers  by  preference.  About 
80  per  cent,  of  the  cyanogen  in  the  gas  can  be  recovered  by  this  method, 
in  place  of  about  50  to  60  per  cent,  from  "spent"  oxide.  It  also 
possesses  the  advantage  of  being  capable  of  producing  ferrocyanides  or 
sulphocyanides  at  will,  according  to  the  state  of  the  market,  and,  from  all 
points  of  view,  it  appears  to  afford  the  greatest  margin  of  profit. 

The  last  but  not  least  point  for  consideration  is  the  question  of  what 

is  the  probable  profit  to  be  gained  ?     Mr.  Lewis  believes  that  cyanogen 
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can  be  profitably  produced  as  a  residual  in  gas  or  coke  manufacture,  for 
it  must  be  borne  in  mind  that  the  gas-maker  produces  cyanogen  whether 
he  wills  it  or  not,  and  has  only  the  cost  of  recovery  to  meet,  while  the 
chemical  manufacturer  has  first  of  all  to  produce  ferrocyanides  or 
sulphocyanides  by  means  of  furnaces  and  other  apparatus,  involving  a 
larger  outlay  for  renewal  of  plant,  followed  by  filtration  and  crystallizing 
as  in  a  gas-works. 

Supposing  that  the  recovery  of  ferrocyanides  be  practised,  it 
should  yield  (on  an  average)  a  profit  of  9d.  to  lOd.  per  ton  of  coal 
carbonized,  while  sulphocyanides  would  probably  produce  from  Is.  2d.  to 
Is.  3d.  per  ton.  These  figures  include  cost  of  materials  (with  a  liberal 
allowance  for  waste,  if  any),  labour,  fuel,  packing,  and  depreciation,  but 
are  exclusive  of  interest  on  capital  and  general  establishment  charges. 
Favourable  conditions  of  recovery,  by  reason  of  maximum  yield,  will 
increase  the  figures  given  by  about  25  per  cent.  The  demand  for 
cyanides  is  still  on  the  increase,  and  appears  likely  to  continue,  and  will 
be  probably  met  in  the  future  largely  from  gas-  and  coke-works. 

The  present  price  of  cyanide  of  potassium,  as  used  in  the  Transvaal, 
is  about  9d.  per  pound,  including  carriage  and  package,  and  would  leave 
a  profit  of  about  8d.  per  pound.  Statistics  showed  that  6,000  tons  had 
been  used  last  year,  and  7,500  tons  had  been  produced  in  Germany. 
There  is  a  steadily  growing  demand  for  cyanides,  and  the  present  price 
would  allow  of  the  profitable  treating  of  tailings. 


The  President  said  that  there  could  be  no  doubt  whatever  that  a 
subject  which  would  in  the  immediate  future  be  most  interesting  to  the 
mining  engineer  was  how  to  obtain  from  coal  some  of  those  valuable 
products  which  had  been  hitherto  allowed  to  go  to  waste.  The  recovery 
of  cyanogen  was  one  of  the  things  which  was  expected  to  be  of  import- 
ance in  the  future,  but  it  had  not,  so  far  as  his  information  went,  been 
very  profitably  or  successfully  operated  hitherto.  If  all  practical 
difficulties  had  been  overcome,  the  Holmes  recovery-plant  certainly 
added  another  6d.  a  ton  to  the  value  of  the  coal  coked  in  bye-product 
retort-ovens.  He  had  pleasure  in  moving  a  vote  of  thanks  to  Mr. 
Bonser  for  bringing  the  subject  of  his  paper  before  them. 
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Mr.  H.  S.  Childe  (Wakefield)  seconded  the  vote  of  thanks,  and  said 
that  Mr.  Bonser  had  shown  the  members  that  there  was  8d.  or  9d.  a  ton 
floating  about  in  the  atmosphere,  and  if  they  were  only  skilful  enough 
and  patient  enough  they  might  gather  it  into  the  balance-sheet.  The 
whole  of  the  cyanides  used  in  the  gold-fields  of  the  world  were  produced 
in  Germany  ;  if  they  could  only  get  into  that  field  there  might  be  for  a 
limited  trade  some  chance  of  living,  but  he  supposed  that  they  would 
find  that  all  coals  could  not  give  such  high  results  as  9d.  a  ton. 

Mr.  H.  B.  Nash  (Clarke's  Old  Silkstone  colliery)  asked  whether  the 
action  of  the  chemicals,  passing  through  the  scrubber,  would  affect  the 
fibre  of  the  brushes  ? 

Mr.  Bonser  (Leeds)  replied  that  the  chemicals  had  no  damaging 
effect  on  the  brushes. 

Mr.  Nash  remarked  that  if  only  6,000  tons  of  cyanides  were  used 
last  year,  and  if  7,500  tons  were  produced,  the  production  was  1,500  tons 
in  excess  of  the  consumption  and  the  price  would  speedily  fall.  The 
question  was,  could  cyanides  be  produced  at  such  a  cost  as  would  leave  a 
profit,  even  if  the  selling  price  had  a  heavy  fall  ?  If  cyanides  dropped 
from  9d.  to  4d.  per  lb.,  interest  and  standing  charges  might  be  more 
than  the  profit,  and  all  advantages  would  be  lost. 

Mr.  Bonser  said  that  the  Holmes  recovery-apparatus  could  be  seen 
working  and  producing  good  results  at  Brymbo,  North  Wales.  The 
apparatus  for  a  gas-works  producing  5,000,000  cubic  feet  of  gas  from 
50  tons  of  coal  per  day  would  cost  about  £1,500.  It  only  required  the 
attention  of  1  ordinary  workman. 

The  President  said  that  many  engineers  had  a  stereotyped  idea  that 
when  coal  was  coked,  the  only  thing  they  had  to  recover  was  coke, 
whereas  science  had  shown  that  they  might  not  only  recover  coke,  but 
other  things  of  equal  or  even  greater  value.  It  would  be  a  great  pity  if, 
because  they  might  have  been  going  on  for  a  number  of  years  at  one 
thing,  they  should  not,  when  they  knew  better,  turn  their  attention  and 
see  if  it  were  not  possible  to  put  something  into  the  balance-sheets  which 
they  had  been  wasting.  The  development  of  the  gold-mining  industry 
was  one  of  the  most  remarkable  events  of  the  time,  and  was  due  to  the 
discovery  that  gold,  in  combination  with  other  minerals  which  were  per- 
fectly intractable  a  few  years  ago,  could  by  various  processes,  of  which 
the  cyanide  process  was  the  most  important,  be  profitably  treated.  The 
desire  of  everyone  to  get  gold  if  they  possibly  could,  would  always  make 


452     DISCUSSION — RBCOVEEY  OF  CYANOGEN,  ETC.,  FROM  COKE-OVENS. 

gold-mining  an  exceedingly  active  industry  wherever  it  could  be  done 
with  advantage.  He  (the  President)  was  pleased  to  hear  that  the  recovery 
of  cyanogen  from  coal-gas  was  a  practical  success  at  Brymbo.  He  liked 
to  feel  that  the  Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engin- 
eers was  in  the  forefront  if  there  was  anything  likely  to  become  an 
important  factor  in  the  future,  that  they  might  be  among  the  first  to 
know  about  it,  and  take  advantage  of  some  of  these  unconsidered  trifles 
which  had  enormous  possibilities  about  them,  and  which  they  were 
inclined,  perhaps,  to  allow  to  pass  by. 

The  motion  was  carried,  and  the  discussion  adjourned. 


Mr.  F.  Coultas  read  the  following  paper  on  the  "  Geology  of  Deep- 
car  and  its  Surrounding  Hills": — 
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GEOLOGY  OF  DEEPCAR  AND  ITS  SURROUNDING  HILLS. 


By  F.  COULTAS. 


Deepcar  is  situated  at  the  junction  of  two  of  the  valleys  in  the  Pennine 
range,  viz.,  the  Don  valley  and  the  Little  Don  valley.  The  locality  is, 
literally,  a  geologist's  paradise.  At  every  turn,  he  finds  evidence  of  the 
tremendous  natural  forces  that  have  been  at  work,  both  in  deposition  and 
denudation,  through  inconceivable  ages,  leaving  a  record  of  its  history 
written  in  indelible  characters  in  the  exposed  faces  of  the  rocks  and 
other  strata  which  crop  out  to  the  surface,  bed  upon  bed,  in  their  order  of 
superposition,  while  their  inclination  and  dislocation  record  the  great 
terrestrial  disturbances  that  have  taken  place  from  time  to  time ;  and  he 
observes,  in  the  modest  streams  that  wind  their  way  along  the  bottom  of 
the  valleys,  the  representatives  of  the  principal  agents  that  have  performed 
the  gigantic  task  of  denuding  strata,  thousands  of  feet  in  thickness,  from 
off  the  higher  hills,  and  carving  out  their  present  valleys  with  the  process. 

The  valley  itself  is  so  deep  and  narrow  that  it  almost  forms  a  gorge. 
Taking  the  junction  of  the  rivers  as  a  central  point,  in  the  short  distance 
of  4,200  feet  the  surrounding  hills  reach  an  altitude  of  600  feet  on  the 
south-western  side,  500  feet  on  the  northern  side,  and  525  feet  on  the 
eastern  side.  About  1,000  feet  northward  of  the  junction  of  the  rivers, 
and  within  their  contained  angle,  is  an  alluvial  cone  about  600  feet  wide 
at  its  base  and  30  feet  deep  at  its  northern  side  where  it  adjoins  the  solid 
strata,  the  face  being  nearly  vertical.  It  would  appear  that  a  torrent  had 
descended  into  the  valley  by  this  course,  eroding  the  strata  in  its  descent. 
As  the  higher  regions  were  denuded  and  the  stream  lost  a  portion  of  its 
energy  the  detritus  brought  down  was  deposited  in  the  trough  previously 
eroded,  until  it  became  refilled  with  alluvium.  The  deposit  consists  of 
shales,  binds,  and  grit,  interspersed  with  boulders  of  gritty  sandstone. 

The  strata  is  very  much  dislocated  by  faults,  which  traverse  the  locality 
in  all  directions.  In  some  cases,  several  faults  are  found  within  a  short 
distance  of  each  other,  having  their  throw  in  opposite  directions,  and 
consequently  forming  a  trough  in  the  faulted  strata.  It  is  evident  that 
these  faults,  being  inclined  towards  each  other,  must  meet  at  a  point  in 
the  strata  below,  when  the  multiple  of  faults  will  either  intersect  each 
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other  and  diverge  in  opposite  directions,  or  otherwise  be  reduced  to  one 
fault  (the  latter  being  the  most  probable  issue).  It  will  also  be  observed 
that  faults  of  this  description  produce  most  favourable  conditions  for 
denudation  by  splintering  the  strata,  and  causing  a  depression  at  the 
surface  (running  parallel  with  the  faults)  of  greater  or  lesser  extent, 
according  to  the  amount  of  throw  of  the  opposite  faults,  but  sufficient,  in 
any  case,  to  give  direction  to  the  flow  of  a  stream  of  water. 

The  preceding  observations  lead  to  the  following  deductions,  viz., 
(1)  that  in  the  thousands  of  feet  of  denuded  strata  which  overlaid  the 
present  surface,  these  sets  of  faults  would  be  far  more  numerous  than  in 
the  remaining  strata,  and  that  only  one  fault,  or  perhaps  none  at  all,  is 
left  to  mark  their  location  ;  (2)  that  the  direction  of  the  present  valleys 
was  due,  in  the  first  instance,  to  the  depression  caused  by  such  sets  of 
faults  at  the  surface  of  the  denuded  strata,  thus  giving  definite  direction 
to  the  flow  of  water ;  and  (3)  that  denudation  has  been  greatly  facilitated 
by  the  faulted  condition  of  the  strata. 

On  referring  to  Fig.  1  (Plate  XVIII.)  some  of  the  faults  will  be  seen 
in  plan.  The  fault  which  enters  the  southern  side  of  the  plan,  and  runs  in 
a  north-westerly  direction,  passing  through  Allman  Well  Hill  and  Round 
Hill,  in  Townend  Common,  has  a  throw  of  about  114  feet  up  to  the 
south :  throwing  out  the  gannister  coal-seam  which  is  found  in  the  strata 
on  its  northern  side.  The  highest  coal-seam  found  in  the  strata  on  the 
southern  side  of  this  fault  is  the  clay  coal-seam,  which  crops  out  to 
the  surface  at  a  very  short  distance  from  the  fault.  The  coking  coal- 
seam  crops  out  in  Bank  Lane,  and  the  pot-clay  and  Millstone  Grit  crop 
out  about  350  feet  lower  down  the  southern  side  of  the  hill.  On  the 
northern  side  of  the  fault  are  three  smaller  faults  (Fig.  1,  Plate  XVIII.) 
The  fault  shown  to  be  down  to  south,  1|  feet,  becomes  greater  as  it  runs 
eastward,  forming  a  trough  in  the  strata  with  the  other  faults. 

Branching  out  of  the  114  feet  fault,  at  a  point  near  to  Round  Hill, 
is  another  large  fault  throwing  up  to  the  south,  which  takes  a  north- 
easterly direction,  passing  through  Deepcar  railway-station,  and  forward 
through  Wortley.  Its  throw  is  120  feet  at  Deepcar,  and  the  fault  can 
be  seen  in  the  cutting  at  Deepcar  railway-station. 

One  interesting  feature  of  the  above  faults  is  the  change  in  thickness 
and  quality  of  the  coking  coal-seam  in  their  vicinity.  On  the  northern 
side,  the  coking  coal-seam  is  of  good  quality,  its  section  being  generally 
2  feet,  but  thinning  down  to  10  or  12  inches  as  it  approaches  the  faults ; 
while  on  the  southern  side  it  continues  from  10  to  12  inches  in  thickness 
and  is  of  inferior  quality. 
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The  fault  which  passes  through  Ellen  Cliffe,  in  a  northerly  direction, 
is  shown  on  sheet  cclxxxii.,  S.W.,  of  the  Geological  Survey  map  of 
Yorkshire  (West  Riding)  to  be  a  downthrow  of  18  feet  to  the  east.  This, 
however,  is  an  error,  as  the  fault  has  an  actual  downthrow  of  19  feet  to 
the  west.  Adjacent  to  it  are  six  lesser  faults,  three  of  them  down  to 
the  west  of  6  inches,  1  foot  8  inches,  and  7  feet  respectively,  and  three 
down  to  the  east  of  2  feet,  1  foot  3  inches,  and  5  feet  respectively, 
forming  a  trough  in  the  faulted  strata. 

Faults  also  run  parallel  with  the  Don  and  Little  Don  rivers. 

The  full  dip  of  the  measures  is  to  the  north-east  and  varies  from  1  in 
15  on  the  southern  side  to  1  in  6  on  the  northern  side  of  the  valley. 
The  several  seams  of  coal  and  fire-clay  crop  out  along  the  hill-sides,  and 
are  won  by  means  of  drifts. 

The  minerals  worked  in  the  Deepcar  district  are  : — 

(1)  The  White  Carr  Fire-clay,  which  lies  below  the  Halifax  hard  coal- 
band,  has  the  following  section  : — 

Ft.    In. 

COAL,  inferior  0    8 

Black  bat         0    6 

Fire-clay  3    0 

The  fire-clay  is  used  in  the  manufacture  of  refractory  goods,  sanitary 
tubes,  enamelled  ware,  etc.  The  seam  crops  out  along  the  northern  side 
of  the  Little  Don  valley,  a  portion  of  it  having  been  denuded  where  the 
alluvial  deposit  is  found,  previously  described.  It  may  also  be  seen  in 
the  railway-cutting,  on  the  northern  side  of  the  fault,  in  Deepcar  railway- 
station.  It  is  not  found  in  the  strata  on  the  southern  side  of  the  valley. 
The  bed  of  rocks,  which  constitutes  the  wellknown  Wharn cliffe  Cragfs, 
lies  almost  directly  beneath  the  White  Carr  clay,  particulars  of  which,  and 
other  intervening  strata,  are  shown  in  Appendix  A. 

(2)  The  Gannister  or  Halifax  Hard  Goal-seam  has  its  position  in  the 
strata  143  feet  below  the  White  Carr  clay.  The  section  and  quality  of 
the  coal  is  variable,  and  it  contains  irregular  bands  of  iron  pyrites,  which 
occasionally  reach  a  thickness  of  16  inches.  The  coal  crops  out  to  the 
surface  on  both  sides  of  the  valley.  The  floor  of  the  coal-seam  consists 
of  a  very  hard  gannister  rock  varying  in  thickness  from  6  inches  to  3 
feet.  It  is  nearly  pure  silica,  and  it  is  so  hard  that  the  most  powerful 
explosives  are  required  in  blasting  it.  It  is  used  in  the  manufacture  of 
silica  bricks,  etc. 

The  average  section  of  the  coal-seam  and  gannister  may  be  taken  as 
follows : — 
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Ft.  In. 

COAL 2  0 

Gannister         ..         16 

Fire-clay,  inferior       ...         4    0 

(3)  Clay  Coal,  Middle  Band,  or  Halifax  Soft  Coal  Band. — This  seam 
of  coal  lies  70  feet  below  the  gannister  coal-seam.  It  is  only  worked  to 
a  very  limited  extent,  as  its  bed  of  under-clay  is  usually  unsuitable  for 
refractory  purposes,  and  is  also  very  variable,  both  in  quality  and  thick- 
ness. At  Carr  Head  the  clay  is  absent,  and  the  coal  is  of  double 
thickness,  with  a  dirt  parting  (6  inches  thick)  between,  as  follows  : — 

Ft.  In. 

COAL,  inferior  1     0 

Dirt        0     6 

COAL,  inferior  1     0 

The  clay  coal-seam  crops  out  at  several  places  on  each  side  of  the 
valley,  and  its  average  section  may  be  taken  as  follows  :—    - 

Ft.  In.  Ft.  In. 
COAL,  "branch"  varies  from  0  0  to  0  4 
COAL,  "softs"  ,,  0    7  „   0  10 

Gannister,  inferior  ,,  0    0  ,,   0     8 

Fire-clay,  variable  .,  0    8  ,,   2     9 

(4)  The  Coking  or  Halifax  Soft  Coal.— This  coal-seam  lies  72 
feet  below  the  clay  coal-seam.  The  coal  is  of  good  quality,  with  the 
exception  named  in  a  former  part  of  the  paper.  Its  average  section  is 
2  feet,  and  it  also  crops  out  at  the  surface  along  the  sides  of  the  valleys. 

(5)  The  Pot  Clay. — Resting  upon  the  Millstone  Grit,  146  feet  below 
the  coldng  coal-seam,  is  the  pot  clay.  Its  average  section  is  about  4  feet 
6  inches.  The  clay,  where  it  lies  near  the  surface,  is  of  very  good  quality 
for  all  refractory  purposes.  Above  the  clay  is  a  thin  band  of  coal, 
varying  from  1  to  4  inches  in  thickness. 

The  intervening  rocks  are  very  thickly  bedded  in  some  places,  and 
are  quarried  for  the  amount  of  silica  which  they  contain,  and  also  for 
flagstones,  etc. 

The  principal  fossils  observed  by  the  writer  are  : — Brachiopods ; 
Cephalopods  (Gonia/ites)  ;  Lamellibranchs  {Anthracomya  Adamsii)  ; 
Catamites,  Sigillaria,  Stigmaria,  and  Lepidodendron. 

From  the  nature  of  the  predominating  minerals,  Deepcar  is,  essentially, 
a  gannister  and  fire-clay  district ;  but  the  methods  of  working  these 
minerals,  and  the  trying  conditions  under  which  gannister  has  to  be 
worked  and  treated,  do  not  come  within  the  scope  of  this  paper. 
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It  is,  however,  worth  noting  that  the  officially  recorded  output  of 
gannister  in  Great  Britain  and  Ireland  expanded  from  1,011  tons  in  1878 
to  114,627  tons  in  1895.  Of  the  latter  quantity  86,341  tons  (or  a  little 
over  three-quarters  of  the  whole)  was  produced  in  the  Yorkshire  district, 
and  Deepcar  can  fairly  claim  to  be  the  centre  of  the  gannister  industry. 


APPENDIX  A.— Section  of  the  Strata  on  the  North  Side  of  the  Little 

Don  River. 


No.    Description  of  Strata. 

1  Shale,     containing 
bands    of     iron- 
stone 
Halifax    Hard    Band 
Coal-seam — 

2  COAL,  inferior 

3  Black  bat 

4  White    Cai'r    fire- 

clay, variable  in 
thickness 

5  Light  bind 

6  Strong  bind 

7  Stone  bind 
Wharncliffe  Rock — 

8  Closely- grained 

sandstone    . . 

9  Stone  bind 

10  Sti'ong       sand 

stone 
!  1  Stone  bind 

12  Strong       sand 

stone 

13  Stone  bind 

14  Flagstone,  good 

15  Very   soft   yel- 

low stone    . . . 


Thick- 
ness of 
Strata. 
Ft.  In. 


18     0 


10     4 
3    0 

3  11 
0  7 
3    0 


Depth 

from 

Surface. 

Ft.     In. 


18     0 


0 

8 

18 

8 

0 

6 

19 

2 

3 

0 

22 

2 

5 

0 

27 

2 

3 

0 

30 

2 

7 

0 

37 

2 

16 

0 

53 

2 

9 

0 

62 

2 

72 
75 


79  5 

80  0 
83    0 


3    7        86    7 


Thick- 
ness of 
Strata. 
Ft.   In. 


Depth 

from 
Surface. 
Ft.    In. 

92      7 

97      7 


No.    Description  of  Strata. 

16  Flagstone,  good    6    0 

17  Stone  bind      ...     5     0 
18  Brown    bind    and 

shale,  containing 
irregular     bands 
of  ironstone     ...  65     0       162    7 
Gannister    or    Halifax 
Hard  Coal-seam 

19  COAL  ...     2     0       164     7 

20  Gannister,  variable 

in  thickness     ...  1  6  166  1 

21  Fire-clay,  inferior  4  0  170  1 

22  Blue  bind 14  0  184  1 

23  Dark  bind            ...  25  0  209  1 

24  Fire-stone            ...  24  0  233  1 

25  Shale         10  234  1 

Clay  Coal,  Middle  Band, 

or  Halifax  Soft  Coal 
Band — 
26  COAL  .11      235    2 

27  Fire-clay,  variable 

in  thickness      ...     2    6      237     8 

28  Bind  2    0      239    8 

29  Stone  bind  ...     3    0      242    8 


APPENDIX  B.— Section  of  the  Strata  on  the  South  Side  of  the  Little 
Don  River,  at  Carr  Head. 


No.  Description  of  Strata. 

Clay  Coal-seam — 

1  COAL,  inferior 

2  Dirt      

3  COAL 

4  Closely-grained  sandstone 

5  Binds  and  shale 

Coking  or  Halifax  Soft  Coal-seam- 

6  COAL 


Thick- 
ness of 
Strata. 
Ft.  In. 


1 

0 

1 

39 
33 


Depth 

from 
Surface. 
Ft.    In. 


1 
1 

2 
41 

74 


2    0      76    6 
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APPENDIX  C— Section  of  the  Strata  in  a  Sinking  at  Royd. 


Thick- 

Depth 

Thick- 

Depth 

ness  of 

from 

ness  of 

from 

No.     Description  of  Strata.     Strata. 

Surface. 

No.     Description  of  Strata.    Strata. 

Surface. 

Ft. 

In. 

Ft. 

In. 

Ft.   In. 

Ft.    In. 

1  Shale 

..     12 

0 

12 

0 

11  Shale       6    0 

108     0 

2  Rock 

..     15 

0 

27 

0 

Coking  or  Halifax  Soft 

3  Shale 

..       3 

0 

30 

0 

Coal-seam — 

Clay  Coal-seam — 

12  COAL          ...      2    3 

110    3 

4  COAL 

1 

0 

31 

0 

13  Rocks  and  binds     102     0 

212    3 

5  Fire-clay... 

2 

0 

33 

0 

14  Grey  shale          ...     25    0 

237    3 

6  Rock 

..       4 

6 

37 

6 

15  Black  shale        ...     15    0 

252    3 

7  Shale 

..     18 

0 

55 

6 

16  Shale       4    3 

256     6 

8  Rock 

..     18 

0 

73 

6 

17  COAL     0    3 

256    9 

9  Shale 

..     18 

0 

91 

6 

18  Pot  clay 4    6 

261     3 

10  Bind 

..     10 

6 

102 

0 

Millstone  Grit. 

The  President  remarked  that  the  Deepcar  district  was  one  with 
which  he  was  fairly  familiar,  and  there  were  one  or  two  questions  of 
great  interest.  It  had  always  seemed  to  him  that  the  erosion  of 
valleys  must  be  largely  affected  by  dislocations  of  the  strata  under  which 
the  weakest  line  would  suffer  most  from  the  operation  of  atmospheric 
causes,  from  the  effects  of  rain  and  frost,  and  all  the  other  forces  which 
caused  destruction  of  rocks.  The  Little  Don  valley,  with  a  fault  running 
right  down  it,  seemed  to  imply  a  line  of  weakness  along  the  line  of  that 
fault,  causing  a  narrow  precipitous  valley  formed  by  the  wash  of  water 
during  a  long  period.  At  Clough  Dyke,  there  was  a  fault  running  along 
the  line  of  the  valley.  They  also  had  a  fault  running  down  the  line  of 
the  main  Don  valley.  Although  he  did  not  for  one  moment  wish  to 
make  the  wide  statement  that  faults  and  valleys  invariably  ran  together 
it  was  interesting  to  note  that  where  Coal-measures  were  the  uppermost 
formation  they  often  found  that  the  lines  of  valleys  might  be  explained 
by  the  trend  of  particular  faults.  He  had  much  pleasure  in  moving  a 
vote  of  thanks  to  Mr.  Coultas  for  his  interesting  paper. 

Mr.  J.  Nevin  (Mirfield),  in  seconding  the  motion,  said  Mr.  Coultas 
stated  that  the  measures  at  Deepcar  were  much  thicker  than  in  the 
Halifax  neighbourhood,  but  judging  from  the  information  he  had  given 
the  members  there  was  not  much  difference.  There  seemed  to  be  a 
difference  between  the  hard  and  soft  coal-seams  of  120  to  150  feet,  near 
Halifax  it  was  90  to  120  feet. 
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Mr.  H.  Hinchlifpe  (Bullhouse  colliery)  remarked  that  in  the 
Halifax  district  there  was  105  feet  of  strata  between  the  Halifax  hard 
coal  band  and  the  Halifax  hard  coal-seam,  but  in  the  Deepcar  district 
there  was  about  150  feet.  Further  west,  the  thickness  was  over  150  feet. 
He  had  always  considered  that  there  was  a  greater  thickness  of  strata 
between  these  coal-seams  near  Deepcar  than  there  was  in  the  Halifax 
district. 

Mr.  Coultas  said  that  there  was  a  gradual  development  of  thickness 
between  Halifax,  Bradford,  and  South  Yorkshire. 

Mr.  Nevin  enquired  whether  the  gannister  beds  had  been  proved  to 
the  south  of  Sheffield. 

Mr.  Coultas  stated  that  the  gannister  beds  were  found  at  Alton 
colliery,  near  Ashover.* 

The  vote  was  agreed  to,  and  the  discussion  adjourned. 


*  Trans.  Fed.  Inst.,  vol.  x.,  page  491. 
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